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I. INTRODUCTION. 
Agricultural chemistry, working hand in hand with agricultural 
practice, has demonstrated that of the dozen or more elementary sub-
stances or compounds which plants may take from the soil in their growth, 
there are but three of which ordinary soils are likely ever to show any 
deficiency. These thrEe are nitrogen, phosphoric acid and potash. 
Nitrogen, it is true, comes ultimately from the atmosphere, of which 
it constitutes about four-fifths; but in the form in which it exists in the 
atmosphere it is useless to vegetation. It must first enter the soil, and be 
there combined with other substances, before it can become available to 
plants. Ordinaty sbils contain large quantities of nitrogen, which exists in 
the humus of the soil-a term applied to the partially decayed roots, leaves 
and other organic matters found in all soils-but in such combinations 
that it is of little or no service to vegetation until changed into other 
combinations by the further decay of this humus. 
The fertility of black soils in general is partly due to their large sup-
ply of humus, it be:ng humus that gives them their dark color. When 
this humus has been formed from the decay of plants that lcaturally grow 
upon comparatively dry land, it readily enters into such combinations as 
are required by 'cultivated plants; but when formed from aquatic or 
semi-aquatic plants, in a soil constantly saturated with water, its nitro-
gen may be so firmly held that the ordinary methods of cultivation fail 
to bring it within reach of the farmer's crops, and their growth is pale 
and sickly. Dlustrations of this may be found in drained muck beds and 
similar soils, and the fact tpat these soils may be rendered productive by 
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the application of stable manure is explained by the supposition that 
such manure sets up a fermentation in the soil, which causes its nitrogen 
to be released from its fixed combinations. And it has been demonstrated 
that in ordinary soils the nitrogen of the humus is released by a process 
similar to fermentation, one which takes place only during warm weather 
and in the presence of moisture. 
The phosphoric acid and potash of the soil are derived from the 
rocks, by the gradual weathering or grinding up of which all soils have 
been formed. Some of these rocks have contained phosphoric acid in 
combination; others have contained potash. But the phosphoric acid 
and potash of the soil, like the nitrogen, exi<-t, not in such condition that 
plants may make immediate use of them, but in fixed combinations, 
from which they are liberated, little by little, from season to season, as 
they may be required by each season's growth of vegetation. The wisdom 
of this arrangement is apparent when we reflect upon the consequence 
that would follow were all these elements to exist in ihe forms in which 
we are best acquainted with them-as in the potash of wood ashes, for 
instance-which would be quickly washed out uf the soil and ~rried to 
the ocean by rain and river. 
But ,it has sometimes happened that the rocks from which a soil has been 
formed were deficient in phosphoric acid or potaEb, just as a hillside upon 
which no vegetation has grown must evidently be deficient in humus-
nitrogen; or it may happen that the potash and phosphoric acid are held 
in certain rocks in such firmly fixed combination that they are not liu-
erated with sufficient rapidity to feed a vigorous crop-like the nitrogen 
of the muck bed. 
From this brief consideration of the origin of sogs we may under-
stand that some soils may be deficient in nitrogen, others in pbo:;,phoric 
acid, others in potash; while in still others there may be a lack of two or 
all three of these substances, or-what amounts to the same thing-too 
slow an annual liberation for profitable crop production. Another impor-
tant fact has been demonstrated in this connection, and that is, that if a 
single one of the substances required by the plant be entirely absent from 
the soil no growth can take place until that substance be supplied, no 
matter bow rich the soil may be in the other E>ssential substances. It has 
also been demonstrated that certain crops take from the soil the three 
substances named in certain definite proportions, and that the ability of 
the soil to support the crop, or the value of a fertilizer, is gauged by the 
quantity of that ingredient which it may contain in smallest amount, 
relative to the needs of the plant. In other words, if the soil, in order to 
grow a good crop of wheat, needs a fertilizer containing forty pounds each 
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of nitrogen, phosphoric acid and potash per acre, but if we attempt to 
economize by leaving out half the nitrogen, we i!hall lose half the phos-
phoric acid and potash applied. 
It has been supposed that chemical annJysis would furnish a guide to 
the economical manuring of the soil, and that by knowing the chemical 
composition of any particular soil, and also of the crop which it was 
desired to grow upon that soil, we might be enabled at once to adjust our 
manuring to the relative nE·eds of soil and crop. Upon this point I can 
not do better than to quote the following paragraphs from a recent bulletin 
of the North Carolina Experiment Station, written by Dr. H. B. Battle, 
Director of the Station and State Chemist: 
The fallacy of the reasoning lies in the fact that a chemical examination of the soil, 
while it does give the total quantity of its constituent•, does not give the quantity avail-
able to the plant, such as can be utilized by the plant. This fact is all-important, for 
there may be plant food in abundan<-e in the soil, yet in such a form that it is impossi-
ble lor the plant to derive any benefit from it~ pre>ence though it may lie in intimate 
contact with its numerous roots. Many of our ordinary feldspathic rocks contain in 
every 100 lbs. as many as 10 lbs. of potash. Yet these 10 lb~.-almost equivalent to 100 
lbs. of Kainit-are in such an insoluble, unavailable form, that they are absolutely un-
oerviceable as plant food, unless by some process of dibintl.'gration and d~composition, 
they may become changt:d to a form which the plant can utthze. 
The thorough chemical examination will give the quantity of potash present, and 
likewise the quantity of the other chemical elements, but the science of chemistry or 
plant physiology has not yet devi~'dd an exact method for detPnnining the proportion of 
these constituent•, which is av.tilable to the needs of the J>lant, and which can be used 
by it in its growth. Chemistry is conbtantly advancing; new theories are brought for-
ward, new n1ethods are otudied. It may not be a ve1y distJnt day before reliable data will 
be obtained, which will .:ive through chemical inv.;stigatibn, the exact proportion of the 
total mineral elements present, which will be available to plant growth. 
But doe~ a chemicJl analysis of the soil, nq. matter with what exactness it is car-
ried out, show with sufficient accuracy the contents of the &oil? Can we depend on its 
results to show with definiteness what fertilizer should be applied to the soil to render it 
more productive? For this dhtinct purpose the chemical analysis, always so delicate 
and accurate, is inadequate. A cubic foot of our average upland soil (from results ob-
tained at the &tation in the past) weighs 110 lbs. An acre of this soil, 9 inches deep, weighs 
2,>>.35,062lbs., or a. fraction over 1,417 tons. Nine inches is taken as an average depth 
reached by plant root~; with many plants the tap root grows much lower than this. 
The ordinary application of ammoniated fertilizer is 200 to 300 lbs. to the acre. If this 
application of 300 lbs. is thoroughly mixed with the &oil to the deptl1 of nine inches and 
an average sample obtained, then by no chemical means, no matter how delicate, can 
this ammoniated fertilizer be detected; and yet this application changes the y1eld from 
an unproductive to a produetive one., and draws the line between success and failure. 
Realizing this failure of the laboratory to settle the questions at issue, 
investigators have turned their attention to field experiments, in which 
the attempt is made to ascertain the want of the s01l by giving to it cer-
tain of the necessary elements of soil fertility and withholding others. 
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But this work is attended with great difficulties. So great is the varia-
tion in naturaJ fertil:ty in soil:s, that appear to the eye to be identical in 
composition, that the results of :field experimentation are lia,ble to be even 
more misleading than those of the labor.:~tory. Take any single acre of 
ground for illustration · An open glade in the original forest may have 
permitted the wind to sweep away its winter-roverlet of leaves, and they 
may have lodged in a thicket of un<lerbrnsh adjoining, carrying stores of 
potash and phosphoric acid with them. Such a glade may have been for 
centuries the pasturing ground of deer. It would then accumulate nitro-
gen, but would lose potash and phosphoric acid thwugh an additional 
channel; while the thicket would accumulate thtse in excfss of nitrogen. 
The growth of a surface rooting tree in one spot may have drawn heavily 
upon the adjacent surface soil for supplies of potash; that of a tree with a 
deep tap root in another may have drawn its support largely from deeper 
layers of the soil, and also have opened a way for drainage. A slight de-
pression in the soil here may have received added fertility in the wash 
from a slight elevation there, and he who has studied the soil carefully, 
especially when its levels are shown by the melting of snow when the 
ground is frozen, will have detected irre.sularities of level unsuspected by 
the casual observer. 
These are a few of the sources of error against which the :field experi-
menter must guard Lis work, and they are sufficient explanation of the 
contradictory results that are &o often attained in this form of investiga-
tion. Indeed, so difficult is it to reach absolute certainty in this work 
that some investigators have been disposed to condemn field experimen-
tation as wholly unreliable. But the great field experiments of Sir John 
B. Lawes have demonstrated, that when this work has been conducted 
over a sufficient length of time, and on soil the natural inequalities of 
which have been removed, so far as is possible, by thorough drainage and 
carelul tillage, it may yield results of incomputable value. 
Believing the study of the problems connected with the maintenance 
of soil fertility to be of paramount importance to the farmers of Ohio, an 
elaborate series of experiments has been instituted at the Experiment 
Station, the object of which is to compare the effect of various fertilizers 
and fertilizing compounds upon the leading crops of the State. 
The plan of these experiments is as fol)ows: Five sections have been 
laid out and subdivided into plots of one-tenth and one-twentieth acre 
each. Four of these sections are to be devoted to continuous cropping 
with corn, oats, wheat and potatoes, res-pectivdy. and the fifth is to he 
cultivated in rotative cropping. The general arrangement of these sec-
tions is shown ~n diagram 1. In diagram 2 is shown the plan under 
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which each of the sections devoted to corn, oats and wheat is subdivided 
into plots and fertilized. Each plot is 16 feet wide by 272it feet long, and 
contains one-tenth acre. The plots are separated by alley-ways two feet 
wide. Under every alternate alley-way a tile drain is laid, thus giving 
a drain on one side or the other of each plot. Every third plot is left un-· 
fertilized, so that each fertilized plot has an unfertilized one on one side or 
the other, for comparison. In addition to the under-drains, the plots are 
being plowed into low ridges, leaving furrows in the alley-ways, in order 
that surface washing may not convey fertility from one plot to another, 
and that wate1~ may not stand on any portion of the land under experi-
ment. 
DIAGRAM I.-FIELD EXPERIMENTS WITH FERTILIZERS. 
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DIAGRAM II.-FIELD EXPERIMENTS WITH FERTILIZERS. 
I 1. Unfertilized. 
2. Superphosphate (dio~olved bone-hlack). 
I 3. Potash (muriate) . 
.......................................... ............................................................................................................ ; 
4. Unfertilized. 
j 5. ~itrate of Soda . 
.... . ... . .... ...... ··········-····-·········· ... .. ................ ............... ...... ........................ . . . ....... ········ .......... ~ 
6. Sup~;rphosvuate and nitrate 
7. Unfertilized. I 
................................................ _. ................................................................................................... . 
8. Superphosphate and potash. I 
9. Potash and nitrate. I 
........................................................................................................................................................ :. 
!10. Unfertilized. j ~ 
,--------------------------------1 ~ ln. Superphosphate, potash and nitrate. 
.............. ...... . .................... ···················· ...................................................... ·························--··:. 
j12. >luperphosphate, potash and nitrate. ~ 
\13. Unfertilized. 
••••••••••••••••••••••••••••••••••••••••••••••oooooooou.- .. noooo•ooooouooo.ooooooooo•oooo.ouoo•ou•••••••••• •ooouoooooo.oooooouoooooouoooooooooo :. 
114. Superphosphate, potash and_ nitrate. I 
[15. Superphosphate, potash and ammonia. I 
.......................................................................................................................................................... : 
116. Unfertilized. ; 
117. Nitrate, potash and rock phosphate . 
....................................................................... h ........... --.................................................................. : 
~trate, potash and slag phosphate. i 
I 19. Unfertilized. ! 
oonOooooooooOooooooo•o•Ooooooooo•••ooooooo ooooooooonoooo•••••"'"'"''"''''""'''"''''''"'uoooo,.o•ooooOo•ooo••••••Ooooo••oo•o•oooooo••••,., .. ,,. : 
I 20. Barn-yard •uanure. l 
j21. Linseed oil-meal. · 
................. ~ ........................................................................................ _. .................................................. : 
I 22. Unfertilized. l 
24 OHIO EXPERIMENT BT.A.TION. 
On the first eleven plots of the sections devoted to corn, oats and 
wheat, the three most essential elements of fertility, phosphoric acid, pot-
ash and nitrogen, are used, first singly, then in pairs, and lastly in combi-
nation of all, the object being to ascertain whether either of them may be 
omitted from a fertilizer for this soil. 
On plot 12, nitrogen is used in double the quantity, and on plot 14 in 
three times the quantity used on plot 11, the object being to ascertain the 
most effective proportion of nitrogl')n to phosphoric acid and potash. 
On plot 15 sulphate of ammonia is used as the source of nitrogen, in 
order to contrast ammonia-nitrogen with that of nitrates. 
On plot 17, South Carolina phosphatic rock is used as the source of 
phosphoric acid, instead of dissolved bone-black; and on plot 18, the 
phosphatic fertilizer now made by grinding the slag resulting from steel 
manufacture by the Thomas-Gilchrist process js used. (It is intended to 
apply the same quantity of phosphoric acid in these materials as is con-
ta.ined in the 320 pounds dissolved bone-black used; but, owing to an er-
ror in computations, this was not accomplished i,p. the experiments of 
1889.) 
On plot 20 it is intended to use barn yard manure containing approxi-
mately the same quantity of nitrogen as that used on plot 14, and on plot 
21 it is proposed to apply a similar quantity of nitrogen in linseed oil-
meal. By refe:.;ence to table 1, which shows the distribution of the fertilizers 
used, with the quantity of nitrogen, phosphoric acid and potash con-
tained in the amount allotted to each plot, it will be seen that the applica-
tion of oil-meal contains an excess of nitrogen. For 1888 and 1889 this 
application was :fixed at 1800 pounds, in order to make the work compar-
able W!th similar work done at Rothamsted, but it is probable that the 
experiment will be more satisfactory if the quantity be reduced to the 
point indicated. 
The changes in the apportionment o'f nitrate. of soda to plots 5, 6, 9, 
11, etc., have been made to bring the work into conformity with plans 
adopted by a convention of field 'eXperimenters, hel.i at Washington, D. 
C., March 5 and 6, 1889, 
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COMMERCIAL FERTILIZERS-TABLE I-QUANTITY AND CosT PER ACRE. 
Plor 
No. Fertilizers. 
I Essential ingredients. Quantity. 1-----,---..,.----
1 
Nitrogen. Phos. Acicl Potash. 
Cost. 
1------------- ----1----1----1----
1 Unfertmzed ....................................... , ... ~~-~~~~: .... ~:~~-~~-~-~:. ..~~~-~~-~:. ..~~~-~-~-~: ............ . 
2 Superphosphate'..... ...... ............... .... 320 50 $4 30 
---
3 :Muriate of Potash ............................. ! 160 80 3 60 
1----·1----1-----1~ 
4 t:nfertilized .................................................................................... .. 
5 Nitrate of Soda...... ... ...... ........... .... 160' 
6 Nitrate of Soda .. ................................... l M' Superphosphate...... .......... ................ . 320 
3 so 
---2-5 1---50_ ,_-_-_--_·_--_-_- } 8 10 
7 Unfertilized ..................................... j .............. .. 
8 Superphosphate .................................. , 320 I 50 } 7 90 ::ri:t~ :f
8
P:tash ....................... ......... ~::, ---20"-.• - _____ 1 ____ so __ 1_} 
9 _!I_I~-'~-~-a-~e_0o_f_~_oa_ta_·~_ii_::_::_·:._·::_::_::_::_.::_·:_·:_::_::_:::_::_:: 1 ___ i_6o_ _ ___ 1 ____ so __ ~ 
10 Unfertilized ....................................................... .. 
Superphosphate ................................. 320 58 I 
11 Murint~ of Potash ..... . ........................ 160 80 J 11 70 Nrtrate of Soda .................................. 160' 252 
Snp~rph('lsphate .................................... 320 50 } 12 Muriate of Potash ................................... 160 80 15 50 Nitrate of Soda .................................... 320 50 
13 Unf<-rtil!zed ....................................... ' ............... .. 
Snperpho•phatE> ................................... 320 50 I 
14 Mnriate of Pota;,h ............................... 160 80 J 19 30 Nitrate of Soda .................... ·············· 480' 75~. 
Supo:>rphosphate .................................... 320 50 t 15 Muriate of PotaRb ................................. 1£0 80 1210 Sulphate of Ammonia .......................... 120 25 J 
16 Unfertilized ........................................ .. 
Dissolved S. G. Rock . .......................... SOO 
17 Muriate of Potash............ ................... 160 
Nitrate of Soda ............................... ..... 160' 
1---
'l'homna Slag (ground).......................... 40'1 
18 Muriate of Potash . .............................. ltlO 
Nitrate of Soda ..................................... 160' 
19 Unfertilized ......................................................... .. 
45 l 
so r 10 4() 
252 J 
1------1------1*---
78 } 
25" 80 10 60 
................................... [ ............................ . 
211 Barnyard manure ............................ .. 8 tons. 75 25 50 
21 Linseed oil meal..................... .. ......... . 1,800 90 88 25 18 00 
22 Unfertil;zed .......................................... / ...................................................................... . 
1 DissolTed bone black. 
• 480 and 75 pounds in 1888. 
a 160 and 25 pounds in 1888. 
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The land on which this experim,..nt is being made lies in the valley of 
the Olen tangy, one of the largest branches of the Scioto. The rock under-
lying the soil is Huron bhale, which, judging from diggings made in the 
neighbor ood, will be found at an average depth of 15 to 20 feet. On this 
rocky floor, through the combined action of dnft and alluvial agendef", 
the materials have been deposited from wr ich the soil has been derived. 
These materials are of various origin, com,bting of sand, gravel, boulders 
and clay. The gravel is chiefly limestone, but contams a con~;iderable 
p1oportion of rounded frJgments of black shale, the boulders are chiefly 
the granitic rocks that constantly accompany the dnft in Ohio, t 'gether 
with an occasional limestone; the clay h, the ordinary boulder-chy of this 
dnft, with a considerable admixture of fr,.ga ents of E>hale. Thib frequent 
occurrence of shale in the soil and gravel shows ihat the Huron shale, 
whose line of outcrop follows appr0x1mately the line of gbcial ero·ion 
through this part of the State, has been one of the chief sourcros of the soil 
of this :field. 
Under the section devoted to oats and corn, gravel is found at a dc·pth 
of three to five feet, and this portion of the field would not hav required 
under-drainage in ordinary farm practice. There were portions, however, 
in which the dra-inage was less perfect than in others, and It ·was thought 
best to il.rain the whole, in order to m1ke the conditions, both of dra,in.lge 
and aeration, as uniform as possible. The gravel is not found undt'r the 
sections devoted to wheat and rotation; on the contrary, there ex1st& here 
a very retentive subsoil, the "boulder clay " of the drift, and in wet sea-
sons crops have suffered much from lack of drainage. The Huron r;:hale 
weathers quickly into a heavy clay, which has been found to be xich in 
potash, and appreciable quantities of gypsum are found in the clay, clue 
probably to a combination of pyrites and lime, both of which are found 
both in the shale and in the gravel of the drift. It would be expected that 
a soil of such origin would not be deficient in available po ash, and bUCh 
seems to be the case with this soil. In fact, it is a soil of great natural 
fertility. When properly drained and well tilled, it yield<> abundant 
crops, and for this reason a test of fertilizers must be less satisfactory here 
than it might be on a soil of a different nature. 
There are, however, two questions which we may ask this soil, for 
the answering of one of which, at least, its natural fertility will be an ad-
vantage, and for the other no disadvantage. These are: 
1. How can we most economically maintain the fertility of our soil? 
2. To what limit may we profitably increase the fertility of a good 
oil? 
It was with a full realization of the character of this soil and the con-
sequent difficulty of drawing from it an answer to all the questi~Jns on 
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which it would be desirable to have information, that this work was 
undertaken, and therefore, simultaneouely with the starting of this series 
of experiments on this soil, preparatwns were begun to institute similar 
investigations on other and less fertile soils in different parts of the State. 
The progress of this work will be reported furthE>r on 
Of the previous treatment of this field we haYe no record, prior to 
1877. Since that date the cropping has b•en as follows 1877, wheat; 
1878, 1879, 1880, timothy; 1881, 1882, corn ; 1883, 1884, wheat; 1885, 1886, 
1887, cloyer. It was dressed with barnyard manure in the spring of 1881, 
the manure being plowed under, it was top dres"ed in the fall of 1883 for 
the wheat crop following. In the spring of 1888 the :field was drained and 
corn was planted on the section devoted to that cr0p. On the section de-
voted to oats, millet was grown in 1888, it being too late to sow oats after 
the drainage was completed. 'l'he section devoted to wheat lay idle until 
faiL A considerabl~> growth of volunteer clover sprang up, which was 
plowed under in preparing the land for wheat. 
COMMERCIAL FERTILIZERS ON CORN. 
FIELD T:CST~ AT THE STATION. 
Table II gh·es the rates of yield for 1889 of the plots devoted to corn, 
the yields being calculated to full c::tand.~ In 1888, the crop contained 
mor · than an ordinary proportion of water when harvested, owing to the 
extremely wet season. For this reason, samples containing 100 pounds of 
ears were taken from each plot and placed in open barrels, so arranged that 
the air could have free acreRs, and allowed to stand until January, when 
they were weighed again A table showing the shrinkage in weight for 
part of these samples is given in the Annual Report of thi~ Station for 
1888, page 94. Owing to a mistake in weighing, the shrinkage of samples 
from plots 12to 22 inclusi ve,was not determined; but the weights given show 
that there was no connection between the variations in weight and the 
variations in treatment of the plots. The average shri:nkage was about 17 per 
cent. of the original weight-or approximately one-sixth. 
In harvesting the crop of 1889, i()imilar samples of 100 pounds E-ach 
were taken from the plots, which were dried until January, and then 
wejghed again as before. The shrinkage in this case was much smaller 
than before,averagingabout 6percent. In this test, as in the previous one, no 
connection whatever is found between the variations in shrinkage in dry-
ing and in treatment of the plots. It is believed, however, that a more 
satisfactory comparison of the results of diif~rent harvests can be made if 
*For da.t& from which the computa.tJ.ons are ma.de see Ta.ble Xlll. 
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these results are reduced to January condition, and therefore such reduc-
tion has been made in tabulating the results in Table II, the yields there 
reported being obtained by reducing the yields as weighed in the field, by 
the percentages bst in drying, and. which are given in the table. 
Table II therefore includes: 
(1.) The yield of grain per acre for 1889, as weighed when harvested, 
in November; 
(2.) The percentage loss of the grain in drying until January, as de-
termined by drying 100-pound samples; 
(3.) The yield, as determined by the January weights, and 
(4.) The apparent increase due to the fertilizers. 
In computing the incre::tse of the fertilized plots, in this and subse-
quent tables, each fertilized plot is compared with the unfertilized plots 
between which it lies, on the following plan: Suppose that plots 1 and 4, 
unfertilized, have yielded 40 bushels and 55 bushels re~pectively, it is as· 
sumed that plot 2 would have produced 45 bushels, and plot 3, 50 bushels 
without any fertilizer. In calculating the probable unassisttd yield of any 
fertilized plot, therefore, the yield of the unfertilit.ed plot nearest it has 
been multiplied by two, that of tho plot farthest away adJ.ed to the pro-
duct, and the total sum divided by thr~e. 
Of course, this is " guess work," hut it seems more logical to assume 
that the variations in fertility change uniformly from plot to plot, than 
that they take place abruptly, as must be done when simple averages only 
of distant unfertilized plots are taken as the standard with which to com-
pare intervening plots. 
A careful study of this table fails to discover that any marked influ-
ence has been exerted on the crop by any of the fertilizer!'. There are 
considerable variations, it is true, between the yields of some of the fer-
tilized plots and the unfertilized ones adjoining; but these variations do 
not occur with sufficient regubrity -to justify the assumption that they 
are due to the fertilizers. 
Even where it seems safest to assume that the fertilizers have increased 
the crop, as when plots 20 and 21 are compared with the unfertilized plots, 
19 and 22, the increase shown is wholly inadeql.).&te to cover the cost of 
the manure or fertilizer. 
Plot 
No. 
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COMMERCIAL FERTILIZERS-TABLE II.-EXPERiliiENTS ON CoRN AT 
THE STATION. 
Y"Ulld per acre, corrected to full stand.-1 bushel=70 lbs. ears. 
Yield Loss Yield InC'rease 
ao of as OVE-r 
Fertilizer!'. wei,ghed weight weighed unfer-
ln in in tilized 
November. drying. January. plots. 
--
.Bushels. Percent. Bushels. 
1 Unfertilized........ • ............................ 64.6 5~ 61.0 ................. 
2 Superpho~phate ~dissoh•ed bone-black) .. 65.0 4.~ 621 0 
3 Potash (muriate .............................. 60.0 52 56.7 0 
4 Unfertilized ..................................... 68.3 5 64.9 ................. 
6 Nitrate of soda......... .. ..................... 67.7 7 63.0 1.0 
5 Nitrate and superphosphate .............. 68.9 5} 65.1 6.0 
7 Unfertilized ..................................... 59.3 5t 56.2 ............... 
8 Superphosphate and potash ................. 63.7 6} 59.6 3.4 
9 Nitrate and potash ........................... 67.6 7 62 9 6.7 
10 Unfertilized............................. .. ...... 61.1 8 56.2 .............. 
11 Superphosphate, potash and nitrate ...... 71.1 5t 67.4 8.5 
12 Superphosphate, potash and nitrate ..... 639 4 613 0 
13 Unfertilized .................................... 67.7 5 64.3 
·············· 14 Superphosphate, potash and nitrate ...... 61.4 6~ 57.4 0 
15 Superphosphate, potllbh and ammoni.t ... 57.4 4~ 54b 0 
16 Unfertilized ...................................... 56.7 7l 52.3 .............. 
17 Rock phosphate, potash and nitrate ...... 57.3 6 51.9 0 
18 Slag phObphate, potash and nitr.tte ...... 61.0 111! 54.0 1.5 
19 Unfertilized ...................................... 55.4 5 52.6 
·············· 20 Barnyard manure ............................. 66.4 5! 62.8 8.0 
21 Linseed oil meal.. .............................. 72 6 3 70.4 13.4 
22 Unfertilized ...................................... 61.3 3! l;i9.2 .............. 
---
Average of unfertilized plots .............. 61.8 5! 58.3 
The average yield, as weighed in January, of the six plots receiving a 
complete mineral fertilizer, viz: Nos. 11, 12, 14, 15, 17, 18, was 66 bushels 
per acre for the two seasons; that of the four adjoining unfertilized plots, 
viz: Nos. 10, 13, 16, 19, was 64.4 bushels-an increase of a bushel and a 
half of eorn for the fertilizer. The average decrease in yield of the six 
fertilized plots in 1889, as compared with 1888, was 16.5 bushels; that of 
the four unfertilized plots was 16.2 bushels. So far as these two seasons 
are concerned, therefore, the mineral fertilizers appear to have contributed 
nothing towards checking the diminution in yield, due to climatic and other 
causes. The average decrease in yield for all the plots was 17.1 bushels; 
for the plot receiving barnyard manure it was 15.5 bushels; and for the 
one receiving oil-meal it was 17.3 bushels. 
In regard to this use of oil-meal as a fertilizer it may be well to ex-
plain that the object in view is to determine its incidental value as a 
fertilizer. Linseed oil-meal is a valuable feeding stuff, an.d careful experi-
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ments have shown that after it has performed its function as a feeding 
stuff, two-thirds of its value as a fertilizer may yet be recovered in the 
manure, if the manure be properly cared for. But we are shipping our 
oil-meal to Europe, and sending to South America for nitrate of soda, to 
Gtrmany for potash salts, and to South Carolina for phosphatic rock, with 
which to compound our fertilizers. 
CO-OPERATIVE TESTS BY FARMERS. 
The plan of these tests is somewhat less elaborate than that of the 
tests conducted at the Station, no comparison being attempted between 
different quantities or kinds of nitrogen and phosphoric acid. Nitrate of 
soda is used in all cases at the rate of 160 pound::~ per acre, dissolved bone-
black at the rate of 320 pounds, and muriate of potash at the rate of 160 
pounds. Thirteen or more plots are used in these tests, arranged as 
below: 
1. Unfertilized. 
2. Superphosphate (dissolved bone-black). 
3. Muriate of potash. 
4. Unfertilized. 
5. Nitrate soda. 
6. .Nitrate of soda and bone-black. 
7. Unfertilized. 
s. Superphosphate and potash. 
9. Nitrate and potash. 
10. Unfertilized. 
11. Superphosphate, potash and nitrate. 
12. Barnyard manure. 
13. Unfertilized. 
14. Land plaster. 
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FARM TEST IN COLUMBIANA COUNTY, BY H. Y. BENTLEY. 
The first of these tests was located in Columbiana county, the experi-
ment being commenced in 1888, and the report of the first season's test 
being given in the Annual Report of this Station for that year. In that 
report the location of the test is described as a high, "soap-stone" or slaty 
point, the soil being about ten feet of decomposed slate, resting upon slate 
rock, which gives natural drainage. The soil is quite loose, and always 
easily worked, but lacking in natural fertility. 
COJ1MERCIAL FERTILfZER:::l-TABLE IlL-ExPERIMENTS oN CoRN IN CoLUM· 
mANA CouNTY, BY H. Y. BENTLEY. 
Yteld per acre, cot•rected to full stand-I bu.,he/=70 lbo. ears. 
~~~ 1~-_________ F __ er_t_il_iz_er_,_· ----------i~-G-ra_i_n_·\ Increase. 
1 Cnfertilized ............................................. , ................. .. 
2 Rnperphoo;phate (dibsolved bone-black) ............................ .. 
3 Putash I muriate) ........................................................... . 
4 Unfertiiized ................................................................ . 
5 Xitrate or so.l<t ......................................................... . 
6 Xitrate and superplwsphate ......................................... .. 
7 ! [] nft>rtilized .... .. ..... .... ..... .... ... .. .. .. .. .. .. ..................... ••[ 
8 j 8n)JHphosp!ute and puta'h ........................................... .. 
9 i Nitrate and pota;,h ........................................................ ! 
10 Unfertilized ............................................................... .. 
11 ;o;nperpho,phate. f ota~h aud nitrate ................................. .. 
12 Barnyard manure ....................................................... .. 
13 lJntertilized ................................................................ .. 
14 Common salt ................................................................ .. 
Bushels. Bushels. 
53.5 ··········•··• 55.9 
36.3 
0.9 
0 
58.1 ............. . 
58.4 
62.6 
65.7 
62.8 
67.2 
62.2 
66.0 
74.0 
57.8 
60.0 
0 
0 
0 
3.8 
5.3 
14.7 
2.2 
Average of unfertilized plots... ........................ ........ 59.5 .............. . 
Table III gi \'es the prineipul rer:.ult::; of this test for 1889. The yields-
of the several plots were much more uniform in 1889 than in 1888, but no· 
satisfactory evidence can be gleaned from this table that any of the 
fertilizers used, except stable manure, were of any decided advantage to 
the crop. 
The great exces;:; of weight of the stalks in 1888 over 1889 was no· 
doubt chiefly due to the excessively wet fall of 1888, in consequence of 
which the fodder contained much more water when weighed than it did 
in 1889. For the same reason, the average yield of grain m 1888 is 
exaggerated. 
FARM TEST IN LICKING COUNTY, BY LEVI KNOWLTON. 
Table IV gives the result!:! of a test made by Mr. Levi Knowlton, oi 
tJtica, Licking county. 
2 B2 O.EX.H'!'. 
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The soil is drift clay, lying over rocks of the Waverly formation, and 
bordered by hills of the same formation, from which its character has 
probably been modified. 
The land was in timothy sod when plowed for this crop. It was 
ploweu about the middle of April, eight inches deep, harrowed twice with 
disc harrow, once with spike harrow, "fllabbed," and planted May 8, 
with hand rotary planter, four grains to hill, afterwards thinned to three; 
variety, Learning. The fertilizer" were distributed broadcast. The corn 
was cultivated four times. 
COMMERCIAL FERTILIZERS-TABLE IV.-ExrERIME~Ts o~ CoRN IN LICKING 
COUNTY, BY LEVI KNOWLTON. 
Yield pe1· acte, as weighed in the field-l bashc/=70 lbs. ears. 
·--~-,-·------ -===-=====- --====-=-:...:::=cc=-= 
Piot II 
No. lhain. Increase. 
Busluu. 
44.8 
58.6 
75.1 
67.1 
56.8 
74.0 
60.3 
59.7 
58.0 
60.0 
53.7 
70.5 
67.4 
58.3 
67.4 
74.3 
BusMts. 
1 Unf~rtilizeu ......................................................... .. 
2 Huuerpho;,phate (di,~oived bone-black) ........................... .. 
3 ~oi~,h. (muriate) ......................................................... . 
4 _ nfertthzed ................................................................ . 
5 Nitrate of :;oda ...... .... .... ............ ... ... ... . .......... . ........... .. 
6 :::;[itrate and ;,uperplwsplutte ......................................... .. 
7 Unfertilizf'd ............................................................... . 
8 t-lnperpho,pl•ate tul!l p11t~'h ........................................... . 
g Nitrate an•! put1bh ....................................................... .. 
10 Unfertilized ...... .... ......... . ........................................... . 
11 Superpho~phat~, potash and nitrate .................................. . 
g ~~ie~tir~:r:~~~~~::::::::::::::::::::::::::::::::·:::::·::::::::::.::::::::: 
14 Land pla>ter ............................................................... .. 
15 .Jarecki fish guano' ................................................... .. 
16 Homestead tobacco grower' 1 .......................................... . 
Average @[ unfertilized plotb ................................. .. 59.9 
*500 lbs. per acre=nit10gen, 12 lb&.; phosphoric acid, 50 lbs.; potash, 15 lbs. 
**300 lbs. per acre=nitrogen, 10 lhb.j pho~phoric acid, 30 lbs.; pot•1sh, 10 lbs. 
6.4 
15.4 
0 
11.4 
0 
0 
0 
3.2 
0 
0 
6.9 
Apparently this soil, like that of the Station farm, is sufficiantly fer-
tile to produce good crops of corn without the addition of any fertilizer. 
The largest yield is shown by plot 3, receiving potash. Plots 6 and 16, 
however, the one receiving no potash and the other 'Gut a small quantity, 
show practically the same yield. 
FARM TEST IN ASHTABUI,A COUNTY, BY GEO. H. BUNNELL. 
Table V gives the yields obtained by Mr. George H. Bunnell, of Jef-
ferson, Ashtabula county. Mr. Bunnell describes his soil as follows: 
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The rock under our soil is the "Erie Shale" and is from 10 to 25 feet below the svr-
face. The e;periment plat being near a large creek, the bed of which is shal~ 
it is probable that the rock is not more than 10 feet from the surface. 
There is always a bed of blue clay before we get to the rock. In fact, this shale 
will turn to blue clay, and the clay to a good grass soil on exposure to the atmosphere, 
but)he surface soil of the experiment plat is less tenacious and more of the nature of a. 
drift deposit_than the higher lands farther from the creek. 
The)and,on which the experiment was made had been in pasture 
about 35 years,)hen cultivated about 20 years in a regular rotation of corn, 
oats, wheat and gra~s, the grass occupying the land until it required re-
seeding. In)hiR entire period it had had but one application of manure 
-" abou(five year.o ago, at the rate of about fifteen two-horse loads per 
acre. It was plowed and thoroughly pulverized rriay 20, planted May 22, 
with one-horse corn drill, in rows Ll feet apart and kernels dropped every 
12 inches._::_The plotd were four rows (16 feet) wide, and long enough to 
contain one-tenth acre each. A row o.: potatoes was planted between 
enry two plots. It was culti vateJ. four times, and hood by hand twice.'' 
The fertilizers were applied, half broadcast and half in the hill. 
CO)D1EitCL'i.L FER'riLIZER':l-TABLE V.-ExPERIMENTS oN CoRN I:X AsrrTA-
BULA ComrrY, by GEo. H. BlTh"NELL. 
Y1cldo per acre as uci!Jh~d in the field-1 bushel=70 lba. ears. 
Plot 
No. Fertilizers. 
1 Unfertilized .................................................................... . 
2 i:luperpho&phate (di;,&olveJ. boue black) ............................... .. 
3 Potash (muriate) ............................................................. .. 
4 U nferHJ:.ized .................................................................... . 
5 .:Sitrate of ;,oda ............................................................... . 
8 ~itrate and superphosphate• ............................................ .. 
7 1 Unfertilized ...... ......... .. .............................................. .. 
6 I Superphosphate and potash' .......................................... . 
9 ::s'itrate and potash ........................................................ .. 
10 Unfertilized ................................................................... .. 
11 Superphosphate, pota,:,h and nitrate .................................... . 
12 Barnyard manure ........................................................... .. 
13 Unfertilized ................................................................ .. 
Grain. Increase 
Bushelll.[~ushels. 
31.6 !•••••"··· .. 
51.3 I 19.6 40.31 8.6 ~~:~ ............ 0 
42.0 7.6 
35.7 
55.7 21.5 
35.6 2.8 
31.3 
46.4 15.9 
48.6 18.8 
29.0 
Average of unfertilized plot& ...................................... ~--31.9 ----
•In this test these plots were transpo:;,ed, nitrate and superphosphate being applied 
to plot 8, and sliperphosphate and potash to plot 6. The order is rever~ed in the tab1e 
in order to correspond with the other tables. 
In this experiment we get a very striking result. The average yield 
of the unfertilized plots is 31.9 bushels per acre, and that of the four plota 
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:receiving phosphoric acid is 48.8 bushels-an increase of nearly 17 bushels. 
It would seem, moreover, that this increase is due entirely to the phos-
phoric acid or to the combination of phosphoric acid with potash, and 
that nitrogen is not needed. But, as has been already pointed out, it is 
not safe to draw final conclusions from a single test. 
Mr. Bunnell suggests the following explanation of the action of the 
fertilizers in this experiment: 
It will be seen in this test that phosphoric acid alone, and in combination with 
potash and also nitrogen, increased the yield very materially, while potash increased it 
in a considerably less degree, and nitrogen practically not at all ; a result as surprising 
to me as to all those that consider nitrogen the mo&t essential element in all manures. 
It is possible that this nitrogen, being in the form of nitric acid, washed below the reach 
af the corn roots (the fore part of the season being very wet), while if it had been in the 
form of ammonia the result might have been different; but a better explanation to me is 
that the available pho&phoric acid had been continually lessened, in making bones for 
growing anim'lls, in thesPries of years that this field was in pasture, while the nitrogen 
that had accumulated during this time, beyond the need& of the animals pa;,turing 
thereon, was not all exhausted by the suboequent use that the land wa& put to, namely: 
raising crops to be removed; consequently there wag plenty of nitlogen in the &Oil, and 
it only needed the add1tion of phosphoric acid (ag there seemed to be pota~h enough) to 
make a full crop. 
It is probable that both ca,usPs &uggested haYe 01Jeratcd to pro-
duce the result ob<>erved. As hab already been shown, the e:s:hau~Stion of 
any one of the essential elements of fertility will favor the accumulation of 
the others in the &oil. It is a fact generally recognized that the grazing of 
growing animalo:, does tend to the exhau.,tion of the phosphoric acid of 
the soil, and it would follow that the gr<1in crop:; that have been occa-
sionally grown upon this land would fi~1d the supply of phosphoric acid 
scanty, and would therefore be unable to utilize the extra amount of nitro-
gen and potash available. Some of the excess of nitrogen would be 
accumulated in the humus of the soil, formed from the decay of the roots 
of grass and grain crops, while much of it would be washed away by the 
rain. 
Potash and phosphoric acid, however, are not so readily washed out 
of the soil, as nitrogen. Indeed, in ordinary clays they are held with 
great tenacity. 
If this hypothesis be correct, the time may come when the soils of 
this region will no longer respond to phosphate alone, but will require 
nitrogen in adtlition before yielding a profitable return for the fertilizer. 
Indeed, it would seem. as if the time had already come to some portions 
of this region, as the complaint is common that phosphates do not pro-
&uce such increase of crops as they once did. 
Corn, however, seems to be able to find nitrogen where wheat fails to-
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do so, and this, after all, may be the sole cause of the uselessness of nitro-
gen in this experiment. 
FARM TEST IN HURON COUNTY, BY W. B. HALL, 
Table VI gives the results obtained by W. B. Hall, of Wakeman, 
Huron county. :Mr. Hall describes his soil as a sandy loam, inclining to 
clay in places. The subsoil is the boulder clay of the drift, and the under-
lying rocks bPlong to the Berea Grit. The land was originally covered 
with very fine t'mLer-oak, "poplar," rock-maple, black and white ash, 
beech and linden. For some years previous to 1883 it had been rented 
for money rent and the crops removed. 
The field was ploweJ. May 16, it was harrowed and the fertilizers 
sown broadcast, May 17, and was planted May 18. The "eason was very 
wot and cold, and the corn was slow to germinate. It was cultivated 
twice. The "\Yhite Gru1 was very troublesome, causing an imperfect 
stand. 
It will he seen that ).Ir. Hall''l rer,ults are quite as decidedly in favor 
of pho:;phoric acid as are those ol 1\!r. Bunnell. Potash seems to have in-
creased the yield so mew hat, judging by tb e yields of plots 3, 8 and 14; 
one of the functions of land plaster heing to liberate putao,h from its com-
bination in the soil; but nitrogen ::eems not to have been required 
HUl or bromlcaot fettLhzing. Attention is ca.lled to the fact that in 
Mr. Bunnel's experiment the fertilizers were applit>d half in the hill and 
half Lroadcast, and in 1\Ir. Hall's, altogether broadcast. The results are 
practically identical. 
In a large number of :;imilar experiments made by the South Caro-
lina Experiment Sta,tion during 1888, this point of applying fertilizers in 
the hill or broadca8t received special attention, the ter,t being dupli<'ated 
on each of the three experiment farms of that Station. The concluswns 
reached by Director McBryde, in summing up the results of these tro;ts, 
were that no difference whatever was observable from the different meth-
ods of applying the fertilizers. 
During the yon.rs 1R77-81, a large number of similar tests were made 
under direction of Prof. W. 0 Atwater, thf'n director oftbe Conn-ecticut Ex-
periment 8tation. Prof Atwater summarizes tbe results as follnw", in lit 
spedal report is:,ued by the National Depattment of Agriculture in 18R3: 
The testimony of the experiments is on the wl10le agaimt applying in the hill or 
drill. The best resulto in the m.•jurity of cases eume whe1e the fertilizer'> w~re >own 
broadcast. Several of the very best wert> where the mate1 iah were '>Catt~red over a 
strip a couple of fecb or so widE' along the rows. Many of the worst results were where 
the fertilizers were pnt in the h1ll or drill. The nitrate of soda and pota~h salt& ~hu~ liP" 
plied often injured the crops, especially in dry weather. 
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Respecting the philosophy of this practice, Prof. Atwater says: 
Experiments with concentrated fertilizers are often spoiled, just as crops are injured 
ti' lost through wrong application. Farmers are apt to think that the manure must be 
plilt close to the seed, or the plant will not get the benefit of it. This is wrong. It is 
not the just germinated plantlet that need& the manure, but the plant, from the time it is 
well started until its growth is done. ·we want, not only to give the crop a good start, 
but to help it out on the home stretch as well. The roots and their branching rootlets 
run out in all directions in search of food, and the fertilizers ought to be where as ma11y 
•f the rootlets as possible can get at them. If we distribute the fertilizers as well as we 
can, the water in the soil, aided by the chemical and physical forces that nature keeps in op-
eration, will do the rest. In illustration of this remember how well barn-manure acts 
when applied as a top-dressing long before the seed is put in. 
But if we concentrate the fertilizers in one place fewer roots well get them, and these 
may be injured by coming in contact with them or with their concentrated solutions in 
the soil. The roots will find their way to the manure and develop more where it lies, 
it is true, still we shouli not oblige them to huddle together in one place, but should 
rather encourage them to spread around, where, with tl-te increased capacity the fertilizer 
gives them, they <lltn get the more trom the soil. Roots join with other natural agents 
in rendering inert stores of plant food available. 
COMMERCIAL FERTILIZERS-TABLE VI.-EXPERIMENTS ON CORN IN HURON 
CoUNTY, :BY W. B. HALL. 
Yields per acre, corrected to full stand.-1 bushel =70 lbs. 
Plot 
No. Fertilizers. Grain. Increase. 
1 Unfertilized .................. , . . . .. . . . .. . . . .. . . . . . . . . . .. . .. . . . . .. . ... . . . . . . . BJ.2~;,"~· 
2 Superpho~phate (dissolved bone-black) ...... _. . ...... .. . ...... .. . .. 33.8 
3 Potash (muriate) .......... ................................................ 19.7 
4 Unfertilized........ ................. .............. ......... ............... 1.5.1 
5 Nitrate of soda............................................................... 18.6 
6 Superphosphate and nitratoe........................... .. ............... 33.5 
7 Unfertiliz~d ........................... ........ ........ ....... ............ 28.2 
8 Superphosphate and potash . ........ ..... .. .. ... .... .. ... . .. ......... .. 42.8 
9 Nitrate and potash......................................................... 33.6 
10 Unfertilized.............................. ....... ............ ... ......... 23.8 
11 Superphosphate, potash and 11itrate........... ......... ............... 33.3 
12 Barn yard manure (12 tons).................. ..... ..... ............... 37.7 
13 Unfertilized ................................................................. 17.7 
~g ~1:ar~a:!~~~::·:::::::::::::::::::::::::::::::::::::::::::.:::::::. ·:::::::: ~~:~ 
Average of unfertilized plots . ... .. .......... ... ...•. .. ... . ....• ... . .. 19.5 
*400 lbs per acre,= nitrogen, 9 lbs; phosphorw acid, lllbs, potash, 5 lbs. 
FARM: TEST IN HOLMES COUNTY, BY A. WOLGAMOT. 
Bushels. 
20,4 
5.4 
0 
9.7 
16.1 
8.3 
11.5 
18.0 
9.6 
11.8 
Mr. A. Wolgamot, of Millersburg, Holmes county, made the experi-
ment reported in !Table VII. Mr. W olgamot describes his soil as thin and 
gravelly, containing a small admixture of clay, and underlaid with gray 
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limestone. It was plowed in April, " turning under a nice growth of 
rye." The fertilizers were distributed broadcast May 13, stirred in with a 
cutaway harrow, and the corn was planteJ May 15. The season was cold 
and wet until July. The corn was cultivatedfourtimes, "but was planted 
two weeks late." The yields in this case were ascertained by measurement, 
and were reported in bushels of ears, which have been reduced to shelled 
bushels by Ji vi ding by 2. 
}!r. Wolgamot explains that plot :No. 4 wao, located on an old dead· 
furrow, and that the lime used on plot 15 had been exposed to the weather 
for several years. He states that the corn was exceptionally bright and 
sound where nitrate of soda was used, and it would seem that the com-
bination of nitrate and superphosphate has increased the crop. 
COMMERCIAL FERTILIZER'3-TABLE VII.-Ex:PERIJ\1EJ..TS oN CoRN IN HoLMES 
CouNTY, BY A. WoLGAMOT. 
rtdd pel ae1 e as mPaSUI ed in tlt& fleld.-1 bu.he/ = 70 lbs. 
Plot 
No. Fertilizers. Grain. Increase. 
Bushel,, 
1 Unfertilized.............................. . .... ....... ........... ........ 60 
2 Superphoophate tUib~olved bone .. black).......... ...................... 65 
3 Pvta&h (muriate)........................................................... 50 
4 Unfertilized.................................... .. ...... ... ............. .... 45 
5 Nitrate of soda........... ............. .... ............ .... .. .. ........ ..... 60 
6 Superpho~phate and nitr:1te ......... ..... ............. ... ........ ... .. 75 
7 Unfertilited ..... .... .. ........ ...... ..... ....... ............ ........ .... • 60 
8 Superphosphate anu potash.................... ....... ....... ... ..... . 75 
9 Nitrate and pota~h........................... .............. ............... 75 
10 Unfertilized................................... ............ .................. 60 
11 Superplw.phate, pota&h and nitratt> .................................. : 77~ 
12 Barn yard manure (20 tons) .................................. ........ 80 
13 Unfertilized ... ..... ......... ...... ....... .... ... ..... . ... . .. .... .... ...... 55 
14 Land plaster ............................................ .................... 60 
15 Air-&laked limP................... ............ ... ......... ... ......... .... . 30 
Average of unmanured plot•................... ........................ 56 
FARM TEST IN MIAMI COUNTY, BY B. E. FURNAS. 
Bmheta. 
·············· 10.0 
0 
10.0 
20.0 
15.0 
15.0 
.............. 
19.0 
23.0 
5.0 
0 
This experiment was maJe by Mr. B. E. Furnas, on a "sugar-tree 
clay, with subr10il of gray clay and gravel," which had been in cultiva· 
tion eighty years. The treatment during recent years is described: as 
follows: 
1884, clover, 20 loads horse-manure turntld under. 
1885, corn, sown to wheat. 
1886, wheat, sown to clover, but no stand secured. Pastured. 
1887, wheat, sown to clover, but no stand secured. Not pastured. 
1888, corn, sown to clover, but no stand secured. 
1889, corn, fertilizer experiment. 
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The White Grub is noted as injurious in 1888, and in 1889 it de-
stroyed about one-third of the stand. The injury was quite evenly 
,distributed throughout the entire series of plots, so that it has not mate-
rially aflected the general results. 
The fertilizers were applied May 11 to 13. The corn wn.s cultivated 
four.times ancll::oecl once. The ~eason was too W~"t until .July. The corn 
was of the "Clarage" variety. The first ril)E' corn was foul!cl September 
5, on plot.,No. 11; next, September 7, No. 12; n0xt, SPptember 11, Nos. 8 
and 9. 
In this test, all the fertilizing elciuentR poem to have increasf'd the 
crop, whether used singly or in comlJination. The greatebt increase is 
found ou_plot 11, receiving the complete fE>rtilizer, wlwre it aruounts~to 
nearly ·go bushel::, of shelled cc•rn per acre OYt>r the avHage of the unfer-
tilized plots. The details are giYen in Ta hle VIII. 
The· remlts of tbis experiment arc remarkably uniform. The average 
yield of the unfertilized plotR was, avoidin!!; Jructions, 431mshels per'acre; 
that of the plots lH?iving a single fertilizing elPment, 50 hur,hels; that of 
the plots receiving two elE'ments, oO lm"hel<::: n.lHl thntof the one receiving 
the three, 73 bushels-an incl'ea~e of 7, 17, an1l 30 bushels respectively. 
But~even:with this large increase, the complete fertilizPr has failed to pay 
its cost, with com at 213:\ cenb a bushel, while the partial fertilizers have 
been used~with:st.ill greater lo~Ft 
By rtference to5able XII it will be seen that great <'are was taken in 
working~out.,all the details of the experiment. 
COMMERCIAL l<'ERTILIZERS-TABLE VIII.-EXPERIMENl:S ON CORN IN MIAMI 
COUNTY, BY J3. E. FURNAS. 
Yields per acre, corrected to full stand. 1 bushe/=70 lbs. eor·s. 
Plot. 
No: Fertilizers. 
1 Unfertilized .............................................................. .. 
2 Rnperpbosphate (dis~olved bone-black) ............................ . 
3 Potash (muriate) .......................................................... . 
4 Unt<·rtilized ............................................................... . 
5 Nitratf' of sodn ............................................................ . 
6 Superphosphate and nitrate ........................................... . 
7 Unfe-rtilized ......................................................... .. 
8 Superphosphate and pota&h ............ . .......................... .. 
~ Nitrate and potaoh ........................................................ . 
10 Unf~>rtilized ............................................................... .. 
1J Superphosphate, potash and nitrate ................................. .. 
12 Barnyard manure ......................................................... .. 
~~ ~~~~r~\i~!~{ :::::::::::::::::::::::::::::::::.:::::::::::::::::::::::::.::::: · 
15 Unfertilized ................................................................ .. 
Average of unfertilized plots ........................ .. 
==r=== _G_,~_·a-in_.[ Increase. 
Bu~lte/s. BMllels. 
40.0 ............. . 
49.7 9.4 
48.1 7.5 
40.9 ............. . 
52.0 
58.9 
45.8 
60.3 
60.1 
44.0 
73.5 
52.2 
4K5 
43.7 
31.8 
42.9 
9.5 
14.7 
15.1 
15.5 
20.6 
8.4 
4.7 
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FARM TEST IN BUTLER COUNTY, BY B. H. BROWN. 
This experiment was made by Mr. B. H. Brown, of the Oxford 
Farmers' Club, Oxford, Butler county. The soil is a stiff clay, of drift 
origin, but the line of glacial erosion heJ·e lies for Eome distance immediately 
over the Cincinnati limestone, and this formation bas therefore contributed 
largely to the mil.king of the soil. 
Mr. Brovm writes· 
"The experiment was made on a piece of the thinnest land on my farm. The soil 
is a stiff clay. that!" a little wet and woulu be greatly benefited by nnderdrainage. It 
was in wheat in lSSS, and oown t•) Ahike clover. It wa~ plowed :!\fay 21 and planted on 
the 23J, drilling the cow 16 inchcs•in the row, row-, 3j feet apart, on carefully measured 
tenth-acre [!lOt', vvith five fr,c;! 'lHlCe> bctwfen the ]Jlot-,. The 'tand ~;a~ good, ~nd I think, 
even all over. On i h0 nuu, "'~ plot I haul~;d twv good loads of fre;h, hoJRe-;,table manure, 
the hor;2~ having been bedd~tl with sa1~;dw-t. TLi-, was evenly owttered, ~s albo were 
the othf'r f"'rtili;:;en, ?nd all were well hano11"d in before the corn was planted. 
" During the sea~on plot;; 3, ti, 8, 11 und l:J woore much !h<' ,beet, tmd withstood the 
ravageb of the \lhitf' grub. Wlwn1Le com w<1;, cnt, ou September 20, there was ;,careely 
a stalk Lilleo ou plots 3, 8, 11 and 12, wh,Ie on the unfertililed plot& at least OUI)·third 
wa; fiat on the ground, and on the oth~:ri< c1nit<l a per cent wa> down. 
"The experiment ha, been quite intere,ting to me, and has convinced me that by 
high cultivation and high fertilizing we can overcome the ravages of the white grub." 
It will he seen that in thit:. test phosphoric acid and potash, and 
especially potash, seem to have been the most effective in increasing the 
crop. The yields are given in table IX. 
COMMERCIAL FERTILIZERS-TABLE IX.-EXPERIMENTS ON CORN IN BUTLER 
COUNTY, :BY B. H. BROWN. 
Plot 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Yields per acre as U'eigbed in the field. 1 bushel=70 lbs. ea1·s. 
Fertilizers. 
Unfertilized ................................................................ . 
Superphosphate (dibsolvecl bone-black) ........ : ................... . 
PutaRh (muriate) ........................................................ .. 
Unfertilizt>d ................................................................ . 
Nitrate of ~oda ........................................................... . 
Nitrate and superphosphate ......................................... .. 
U nfertilizcd .................................................................. . 
Ruperphosphate and potash ............................................. . 
Nitrate and potash ........................................................ 1 Unfertilized .............................................................. .. 
Superphosphate, potash and nitrate .................................. . 
B9rnyard manure, 20 tons .............................................. . 
Unfertiliz~d ............................................................... .. 
Land plaster ................................................................. . 
Grain. 
Bushels. 
18.3 
35.9 
41.7 
25.9 
267 
35.7 
27.7 
49.9 
37.9 
23.3 
48.0 
67.4 
29.4 
33.3 
Increase. 
Bushel:;. 
15.1 
18.3 
0.2 
8.6 
23.7 
13.1 
22.7 
40.0 
3.9 
--------
Average of unfertilized plots .................................. . 24.9 
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TEST BY MATTHEW SWAN, OF COLUMBIANA COUNTY. 
In addition to the tests above described, the following simple experi-
ment was made at the suggestion of the Station by Mr. Matthew Swan, of 
Alliance, Ohio. Mr. Swan's farm is in the northwestern part of Colum-
biana county, and the soil is probably of drift origin. 
The object in view in this experiment was to learn the effect of in-
creasing the ratio of nitrogen to phosphoric acid in a fertilizer for corn. 
The distribution of fertilizers and yield per acre in bushels of 70 pounds 
were as follows : 
Plot 1. Acidulated boue, 200 pounds............................. .. .. .. .... ..... ... 73~ 
" 2. Nitrate of soda, 200 pounds ................................................... 78~ 
" 3. Pelican bone, 200 pounds ...................................................... 69~ 
" 4. Pelican bone, 100 pounds; nitrate of ~oda, 100 pounds ................ 79~ 
The differences here are not beyond the limits of possible variation in 
the soil of the different plots; but they indicate that the ratio of nitrogen 
may be increased with advantage. 
YIELDS•OF STALKS. 
The weighing of corn-stalks, in field experiments, is more trouble-
some and uncertain than that of the grain, owing to their greater bulk 
and greater liability to be affected by di:fferences in drying out or by rain. 
In table X are given the weights of stalks, as reported by the several ex-
perimenters. These weights are corrected to full stand in the experiments 
made at the Station and in Columbiana, Huron and Miami counties, and 
as taken in the field in the cases of the Licking and Butler county experi-
ments. In the Ashtabula and Holmes county experiments the weights 
were not taken. 
By comparing table X with table XI, it will be seen that in general 
the fodder weights are in harmony with those of the weights of grain. 
-~ 
Plot 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
COMMERCIAL FERTILIZERS-TABLE X.-ExPERIMENTS ON CoRN, 
Wmgkts of 8talks and increase on (eltutzed plots.-Pound8 per acre. 
~--
--------- --
County and experimenter. 
Fertilizers. 
Franklin- Columbiana- Licking- !Huron-- Miami-
Station. Bentley. Knowlton. Hall. Furnas. 
Unfertilized ........................................ 3,472 2,797 2,720 1,429 1,520 
Superphosphate (dissolved bone-black) .... 3,276 2,778 3,000 2,270 2,165 
Potash (muriate) ................................. 3,390 3,001 3,560 2,000 2,090 
Unfertilized ...................................... 3,56·1 2,987 4,160 1,536 1,856 
Nitrate of soda ..................................... 3,788 3,030 3,320 1,531 2,234 
NitratP and superphosphate .................. 3,604 3,167 3,920 2.212 2,.'J76 
Unfertilized . .. .. . . . .. . .. .. .. . .................... 3,4-!1 3,280 3,480 2,342 2,006 
Superphosphate and potash ................... 3,76'2 3,502 4,200 2,870 2,620 
Nitrate and potash ................................ 4,104 3,549 3,.520 2,808 2,679 
Unfertilized ........................................ 3,774 3,188 3,920 1,997 1,966 
Superphosphate, potash and nitrate ........ 3,488 3,346 3,160 2,198 3,354 
Barnyard manure ................................ 3,509 3,757 3,360 2,171 2,704 
Unfertilized ........................................ 3,103 3,032 3,960 1,404 1,892 
I 
Average. 
Butler-
Brown. 
1,320 2,210 
2,6\JO 2,696 
2,700 2,790 
1,850 2,659 
2,000 2,650 
2,650 3,021 
2,100 2,775 
3,400 3,392 
2,550 3,202 
1,750 2,766 
3,370 3,153 
4,680 3,:-163 
2,020 2,568 
-
Inorello!IQ, 
............... 
338 
281 
. . . . . . .... ~ .. 
............... 
285 
............. 
620 
433 
............... 
453 
729 
............... 
1-3 
~ 
~ 
i 
ll>-["1 
~ 
l!r;j 
~ 
.... 
I 
II>-
!-' 
Plot 
No. 
COMMERCIAL FERTILIZERS-TABLE XI.-e!UMliUin oF FniLD EXPERIMENTS oN CoRN. 
IncreW!e apparently d1te to fertilizers.-Bmhels per acre. 
County and experimenter. 
Fertilizer8. 
Cost of 
Fertilizers I I I I I I I I lA. verage. per acre. Franklin-- Columbi'a- Licking- Asht'b'la- Huron-- Holmes- Miami-- Butler-
Station. Bentley. Knowlton. Bunnell. Hall. vVolgamot. Furnas. Brown. 
-1 I I I I I I I 1--·---·--
~ ¥~;:;C,~J;~~~~~i·di~~~~~:~~~~::?·····~·~·g···l· ....... gf· ........... gfl ..... ~H .......... i~:f.i .... 2gi ......... igJ ....... fr· ... Iff" .... i~:r· ~ ~i:~:!1 ~£"'~~d~.:::::::.::::::::::::::J ..... i.so ........... 1:o .............. o.o ..... .... o:o··· ........ oo ........ o_.o .......... jo:o·· ..... 9:5· ....... o:2 ........ i.:6 .. . ~ t~tfe~~~l~~~ ~~~~~~~!:~~~-~:.~.~~~:::::::' ...... ~ .. :.~ ........... ~-.~ .............. ~·.~ .......... ~~ ... ~ ........... :.·.~ ... ! ..... ~·:. ... 
1 
...... ~~·.~ ... .... ~:·.~ . ...... ~·.~ ........ ~·.~ ... 
8 Superphosphate and potash........ 7 90 3.4 0.0 0.0 21.5 J 16.1 15.0 15.1 28.7 11.6 
9 Nlti'ate and potash........... ........ 7 40 6.7 3.8 0.0 2.8 8.:3 1 15.0 15.5 13.1 8.0 
i~ ~~::;~i~~~s~~;;~i:,;.~i~·~~'d"~ii~~~·.::: ..... ii"7'o ........... 8.5··· .......... 5.3 ........... o:o· ......... i~.'o.. . .. ii5 .. i · .... i9.o ...... 29 6 ....... 22:7 ....... i3.'2 .. . 
:; ~:;;:;:;rt~~:::~~:::::::: :::::::::::: ::::::::::::::: ....... .':~ .. .~. ........ '.':: ........... '.·'! ........... ~'.·~ ... i .... !'.·~ .. .) ····· .'~.~ ... 1 ••. '.~.. • •• ''.·~ •.••• '.'.: ••• 
Plot 20, Station. 
Plots 19 and 22, Station: Plot 14, Furnas. 
~ 
t::l 
0 
III 
.... 
0 
l".i 
~ 
>o 
~ 
~ 
~ 
~ 
0 
~ 
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SUM?.IARY. 
In table XI are cullected the figures representing the apparent i:m.-
erease in yield of grain, due to the fertilizers in the several experiments of 
1889. In the Station's experiments, the yields of the first eleven plot. 
indicate that nitrogen has had a Javorable, though small effect on the 
crop. The experiments in Columbiana and Licking counties give no de-
cisive results. In the other five tests, however, the evidence is conclusive 
that the fertilizers have had a marked eflect upon the crop. In the ex-
periments of 1888, nitrogen seemed to have a marked effect in the Colum-
biana county test. 
The results of the Ashtabula county and Huron county tests are 
strikingly uniform. These tests are located nearly 100 miles apart, but 
both agree in showing that on those soils and for thi::; season, phosphoric 
acid was the essential element in a fertilizt>r for corn, with potash next i:n 
importance, whi:e nitrogen was not needed at all. It would even seem 
that the addition of nitrogen had diminished the effect of the superphos-
phate, as shown in plots 6 and 11; but it i& more proba.ble that the lower 
yield of the&e plots is due to variations in the natural fertility of the soiL 
In the Butler county test, located in the oppo,ite c.Jrner of the State 
from the one in Ashtabula, and nearly 250 miles to the south-west, nitro-
gen seems to be as httle required for the development of the corn plant a. 
in the more northerly region: bnt in this te:;t potash seems to play the 
leading part, withpbosphorie acid second in importance. 
Holmes and :Miami countieR lie in the middle belt of the State, but 
about 100 miles apart. In the tPSt:::J in these counties we have again a series 
of as stnking coincidences in the results as those found in the Ashtabula 
and Huron county tests; but here nitrogen appearH to hn,ve been equally 
efficacious with phosphoric acid in increasing the yield, whether used alone 
or in combination, aud pota:;h has held about the same rank as in the 
northern counties. 
PROFIT AND LOSS. 
With corn at 33t centRa bushel, dissolved bone-black bas apparently 
been used alone with profit in the tests in AtJhtabula, Huron and Butler 
counties. 
Muriate of potash has been used alone with profit only in the Butler 
county test. 
The superphosphate and potash have not been profitably combined in 
any case, but have paid cost, or nearly so, in the Ashtabula and Butler 
county tests. 
Nitrate of soda has not paid its cost in any case, whether used alone 
e:r in combination with superphosphate and potash, one or both. 
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CONCLUSIONS. 
The conclusions indicated by the foregoing experiments are these: 
(1.) On soils capable of producing fifty bushels of shelled corn per acre 
1/Jitk good drainage and tillage, no artificial ftrtitizer or combination of ErUCk 
fertilizers islikel!y to produce sufficient increaJe of crop to pay the cost of the fer-
tilizer in the crop to which it is applied, at p1·esent prices of corn and f<>rtilizing 
materials, respectively. 
(2.) On soils that are cl.Jcidedly deficient in natural fertility, phosphoric 
acid may sorrwtimes be used with profit in fertilizing for corn, fJ!nd potash and 
nitrogen may be so u~ed in 1·are instnnc!:s, and this whether these substances be 
used separately or in combination. 
It is true that these conclusions are based upon the experiment of a 
single season only, and therefore they must be held subject to modifica-
tion or reversal by more extenued expericnt'e. It is probable, however, 
that such experience will tend rather towards confirming than reversing 
them. 
In 1877 Prof. W. 0. Atwater, then Director of the Connecticut Agri-
oultural Experiment Station, instituted a series of experiments on the 
~ame plan as thoE>e described in thjs bull11tin, which were made not only in 
Connecticut but aloo in sever<tl other statPs, and were continued for sev-
eral years. The results of this work are summarized in a report i!:,<:.ued by 
the National Department of Agriculture in 1883. Respecting the effect 
~f the various fertilizer constituents upon corn, Prof. Atwater &ays. 
Superphosphate has proved profit.tble for corn u&ually. It has been most useful on 
.ne poorer and medium soil&. W1th corn on rich soils it has had leb&, and &ometimes no 
effect. 
Muriate of potash proved profitable with corn very frequently. ContrarJ to the 
oommon doctrine, potru.h did not prove more efficient with other fertilizers then when 
used alone, though, of court:.!', the best re&ult~ were obtained where it was used with 
other fertilizing materials. It is noticeable that in ~ome cases of drought, or where the 
fertilizers were applied in the hill or drill, both muriate of potash and nitrate of ooda 
were often injurious; with the mixture, too, this was especially the case. 
Nitrate of soda, where used either alone or with other materials on corn, was gen-
erally unprofitable, though in a r~..w cases the resulto are very striking. 
ADDENDUM. 
The sta.tistical tables on the preceding pages have been simplified to 
the utmost, in order that the point in which the farmer is most interested 
-the effect of fertilizers upon the yield of grain-may be most clearly il-
lustrated. It seems, however, desirable to put on record the original data 
from which these tabl~s were compiled, and this is done in Table XII. 
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COMMERCIAL FERTILIZERS-TABLE XII. EXPERIMENTs ON Co:&N. 
Original Data. 
I 
Number Number Number 
Yield per plot. 
E:x:peri- Size of Plot otalks to stalks stalks Tota~ I Stalks. menter. I plots. 1 ~o. full missing. barren. stand. Ears. Nubbino 
~--J-~- I gram. I I I i Pounds.! Pounds. Pounds. I Pounds. I I i 
117 I I I 1 960 37 324 80 404 310 I I 2 960 1631 38 320 69 389 280 
" 960 123 32 300 72 372 300 I I v 
I 41 960 
80 I 25 372 67 439 330 I I ! I 51 960 68 36 377 66 443 354 61 960 63 63 371 82 453 340 
.; I ..,I 960 108 49 300 77 377 310 I .... 8' 960 132 I 77 321 72 393 330 <:) ::: 9' 960 135 I 85 357 58 415 360 ·~ -:5 10 960 103 I 60 331 52 3861 340 i :::: 11 960 84[ 57 3CJ3 65 458 320 ::: ~ 71 I 01 12 960 I 57 ! 54 360 62 422 380 
i :::: 13 96o 1 49 I 51 385 66 451 350 0 I I 14 960 62 I 60 333 71 404 344 15 ! 9GO I 88 ' 78 218 84 362 300 
i I 16 ! 96o I 53 I 72 291 85 376 260 ! I ! 
I 
17 I 9oo ! 4" I 32 296 86 382 360 
I 18 9Go 1 571 57 I 327 76 403 320 ! I 19 I 960 57\ 63 264 102 366 280 I §~I 9GO I 22 79 374.1 82 456 344 I I 960 I 34 45 435 56 491 370 I I 22 960 66 43 333 68 401 290 I I I 
1 9130 35 82 
1············1···········1 360 269 2 960 24 so ...................... 282 271 ~ 3 9130 32 52 
·::::::::::J::::::::·:, 381 290 +' • 4 960 26 48 395 290 ~;.; P\>1 ci 5 960 11 45 
···········[··········· 405 300 0..:! ,., 6 960 13 64 429 312 OE< ~ ......................... oil~ ~ 7 960 26 15 ::::::::·:: r::::::::::: 449 320 §r;q l 
8 960 30 69 427 340 :8· i 9 960 18 27 ............ ............ 461 348 s~ 10 960 25 43 ............. . ............ 425 311 ~ . ~ --§~ 0 11 960 22 50 .......... .............. 453 328 C) 12 960 7 48 
··········· 
............ 513 372 13 9130 35 46 ........... ................. 391 293 14 960 28 44 ............. ............. 408 294 
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COMMERCIAL FERTILIZERS--TABLE XII. E:x::PERIMENTS ON CoRN-Continued. 
Original .Data. 
Number Numbc>r 
Yield per plot. 
Experi- Size of Plot stallrs to ~umber stalks stalks 
:menter. plot. No. full missing barren. Total stand. Ears. Nubbins grain. Stalkf:l. 
--- ---
Pounds. Pounds. Pounds. Pounds. 
1 4.86 
... ··+ .... 1 137 201 157 136 2 486 
.............. ········ 180 25 205 150 
3 4R6 ........................... 236 27 263 178 
"' 
4 486 
, ............ ············ 
202 3~ 235 208 
~~ ... 5 4.86 ············ ........ , 167 32 199 166 
" 6 486 238 21 259 196 ~~ '" ....................... 5~ ..s 7 486 ............ ············ 186 25 2ll 174 
"' 
8 486 ••••••• , •• 1 183 26 209 210 c..Jo ..... 
··········· !lll~ ..., 9 486 lil 32 203 176 1::1 
············ 
........... !=<~ 
"' 10 486 179 31 210 196 ~~-~ 1>: ··········· ........... .;.> 11 4i~i) 169 19 188 158 .~ ~ d.> ············ ........... 
...:<..:1 0 1:3 486 223 24 247 168 0 13 4861::::::::::: .. ::::::::::: 2Hl 20 236 198 
14 486 , ............ ! ............ 18::! 2:l 204 160 
15 486 ............ 1 ........... 21~~ 21 236 162 
16 486 ........... .!. ......... 2!36 24 260 178 
! I 
1 ············ . -~ i·· .. 109 11~ 221 ............... 2 215 114 3.59 ............ 
Ji.~ 3 ::::::::::::::::::::::::1:::::::::::. 152 130 28:3 . ........... ~ 4 119 10± 2:!3 .............. l::lfi\ 5 
:::::::::::::::::::::::f::::::::::l 
121 111 232 ...... ::>:z; ~ ..... o:z; ()2 282 108 390 ............ Op 
-tl 7 13() 111 250 ~p:j ············ 
:::> := 83 190 104 294 ... 
········ ~ttl "' ................................... ) ..., 9 160 89 2'19 &> . . . . . . . . .. . . . . . . . . . . . . . . . .......... ~ ············ ~ 10 115 104 219 ,.<::10 1::1 
............ ············ ············ 
............ 
"'Iii 0 11 
.:::::::::::.:::::::::::::::::::::::1' 
211 84 325 ............ ~c;:l 12 247 93 340 ........... 
13 102 101 203 ............. 
1 uunsound corn." 
t "Co~responds to plot 8 in the other tables." 
U i H H 
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COMMERCIAL FERTILIZERS-TABLE XII-EXPERIMENT OF CoRN-Concluded. 
Experi-1 Size of 
mental plots. 
size. I 
I 
I a5 
'" .e:~ 0 "' :::: ..:< 
.;a :::~ 8~ "' •.::J 
:::: . :::: 0~ 
"' ~... ::: . 
"Z ::q~ :::: 
0 
a5 
'" p:;.; 0 
....,~ ~ 
:::z 
.;a 
"Iii 8~ .s ...., 
..... :::: s . 
"' ~~ ~...., 
..... 
cl> ;;.:>=4 >:1 
0 
P:::z; .; f) 
'E!!= ~ ::>o OC:l ~ 0~ :::: 
... 
.s :3lli cl> 
>:1 :::: ~;:q 0 
•Land plaster. 
&Unfertilized. 
Plot 
No. 
I 
I 1 
2 I 3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
134 
15 WI 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1I 
12 
13 
14 
Ortginal Data. 
Number IN umber Number I 
stalks to stal k8 stalks full .. barren. stand. miSSlllg. 
728 85 361 
728 123 165 
728 140 281 
728 144 308 
728 119 305 
728 100 196 
728 162 230 
728 195 123 
728 140 202 
728 201 249 
728 79 219 
728 129 170 
728 137 335 
728 126 288 
728 208 I 193 
804 329 101 
804 297 90 
804 273 109 
804 311 103 
804 298 53 
804 301 60 
804 316 89 
804 271 70 
804 295 46 
804 302 90 
804 242 39 
804 320 75 
804 300 58 
804 310 112 
804 311 129 
............. ............. ............. 
. .. . 0. ~ ..... ............ ............ 
............. ............. ............. 
.............. 
············ 
...... ..... 
........... 
············ 
............... 
............. ............ ............. 
............... ............ ............. 
............ .............. .............. 
.............. ............. ................ 
.............. .............. ............. 
............ .............. ............... 
............... .............. ............. 
............... ............. .............. 
................ ........... ............ 
3 B2 O.EX.ST. 
Yield per plot. 
Nubbins~ Total Ears. grain. Stalks. 
Pounds. Pounds. Pounds.\ Pounds. 
............. ......... .. 39 6& 
··········-· ··········· 
101 97 
........... • •••• ~ ••• 0 0. 58 84 
............. 
············ 
44 64 
............ 
··········· 
56 66 
............ 
············ 
103 97 
........... ............. 81 96 
............ 
············ 
118 113 
............ 
············ 
103 118 
··········· ············ 
64 78 
........... ............. 105 99 
............. .............. 112 92 
............ ............. 52 5~ 
············ 
............ 81 69J 
············ 
...... ..... 80 72' 
35 64 99 54 
56 71 127 7~ 
53~ 72 125~ 73 
40 63 103 67 
59 74 133 83 
88 62~ 15oz 94 
46 69 115 72 
95 63 158 9S 
90 64 154 93 
44 68 112 711 138 60 198 129 
76~ 54 1302 96! 52 72 124 77t 
41 68~ 109~ 67f 
24 57 81 60 
............ ............ 128 132 
............. . .............. 251 26[) 
............ . ........... 2'2 27() 
................ . ......... 181. 185 
............ ............ 187 200 
............ . ........... 250 265 
..... ...... 
············ 
194 210 
............. ............ 349 340 
..... ...... .......... .... 265 255 
....... ........ .............. 163 17& 
............... .. ............. 336 337 
............... ............. 472 468 
.............. .............. 206 202 
.............. ............... 233 238 
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COMMERCIAL FERTILIZERS ON OATS. 
FIELD TEST AT TRE STATION. 
The plat upon which this experiment is located lies immediately 
south of the one deyoted to similar experiments with corn; the plots and 
drains are contiuuous, and the fertilizers are applied in the same order, 
according to the plan given in table I. 
The land war, undt::rdra.ined in April and May, 1888; a crop of millet 
was grown that season, and the oat crop of 1889 is the :first crop of oats 
raised on tlus land for twelvt> years or more. 
The resultro of the experiment are given in Table XIII, from which it 
will be seen that it cannot safely be asserted that any of the fertilizers ap-
plied were of any bendit to the crop. Certainly, none have paid their cost 
in increase of produce 
It is true that plot :1, <lresscd with muriate of potash, shows a larger 
yield than the atljoining unfertilized plot; but plots 9, 10, 12 and 14 re-
ceived an equal quantity of potash, yet their increase is insignificant. 
COMMERCIAL FERTILlZER8-'l'ABLE XIIL-EXPERIMDNTS ON OATS AT TRE 
STATION. 
Plot 
No. Fertilizers. 
Yield per 
acre. 
Grain. Straw. 
----------·-------~ Bushe;:- Po1:ds. 
1 Unfertilized ........ :. . . . . . . . . . . . . . . . . .. . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . 44.2 3,180 
2 Superphosphate (dJ&solved bone-black).............................. 46 !J 3,5:20 
3 Potash (mur1ate)............................................................ 59.5 4,:!20 
4 Unfertilized.. ......................................................... ...... 48.~ 3,800 
5 Nitrate of soda........... .................................................. 47.2 3,fl80 
~ Nitrate, and bUperphosphate............................................. 48A 4,0()8 
7 Unfertilized . .. .. . .. .. . . .. ... .. . .. ... ...... ... . ..... ... ... ... . . ........ .. . . . 45.0 3,040 
8 Superphosphate and potabh ...... ... . ... . . . . .. ....... ........ ... . ..... 45.0 3,660 
9 Nitrate and potash......... ........ .............. ................. ...... 48.4 4,040 
10 Unfertilized ...... ...... .............. .. .... ........ ...... ... ......... ..... 47.5 3,960 
11 Superphosphate, potash and nitrate.. ......... ..... ......... ......... 52.9 4 41 0 
12 Superphosphate, potash and nitrate.................................. 47.8 4;300 
1J Unfertilized.................................................................. 46.8 3 820 
14 Superphosphate, pota:.h and nitrate................................... 45.0 s;sso 
15 Superphosphate, potash and ammonia................................ 51.8 4,0(10 
16 Unfertilized ................... ··:·············· ........ .................. 36.5 3,200 
17 Rock phosphate, poia'>h and ~ntrate................................... 47.3 3,800 
18 Slag p~~sphate, potash and mtrate.................................... 45.7 3,500 
19 Unfert1hzed ...... ............... ...... ............... ..... ... ............... 37.9 3,060 
20 Barnyard manure.. .............. .................. .......... .............. 42.8 3 140 
21 Linseed oil-meal..................... ...............•....................•. 50.6 4'100 
22 Unfertilized..... ............................. ...... ....................... 46.1 3;800 
Average of unfertilized plots............................................ 44.0 3,557 
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Throughout the growing season, the plots that had received nitrogen 
showed a marked superiority; but these plots lodged badly before har-
vest, so that moE>t •of their adv.1ntage was lost. 
This result was not unexpected. The problem of securing larger crops 
of oats is rentlered doubly complex by the tendency of this plant to lodge 
when well fed. 
cmUIERCIAL :FERTLIZERS ON Vi'HEJ .. T. 
Chemical, or commercia.} ferLilizer'l, were almost unknown in Ohio a 
dozen year" ago, outside of a few countie~ in tho extreme eastern and north-
eastern parts of the State. StatistiCE> collected during recent years, how-
ever, indicate that the ur.,e of the~e ferLilizerb is steadily increasing, and 
that the farmers of tht; State are now spending not less than a million 
dolL.tr., annually in their purchase. three-fourths of which expenditure is 
made for fertilizers to be applied to the wheat crop. 
In Europe these fertilizers have been med for :1 longPr period, and 
in one ca;;e an exact comparative experiment Las been made, which has 
now been in progress nearly hall a century. Some of the results of this 
experi.r:ent are worthy the careful study of Ohio farmers. 
COMMERCIAL FEETILIZEH::5-TABLE XIV.-WHEAT .~T ROTHAMSTSD. AVER-
AGE YIELD FOP 36 YEARS. 
Plot Fertilizers pt>r acre per annum. I Yield Increase No. per acre. per acre. 
1,176 lbs. superphoophate1 ................................. / 
Bushel~. Bushels. 
0 16l 3t 
1 800 lbs. sulphate> of potash, soda and magnesia ........ 13 0 
2 Farmyard manure, 14 tons ................................... 334 20£ 
3 U nfcrtilized........... . . . .. . .. .. . . ... ... . . . .. . .. ... .. . .......... 13 ................... 
,5 392 lbs. &uperpho&phate and 400 lbs. ,;ulphateo of 
potash, sod!t and magnehia' ............................. 15t 2s 
6 Superphosphate, etc., as in 5 and 200 lb&. amm. salt, .. 24 11 
7 " " 400 " .. 32~ 19t 
8 " " 600 " 36~ 23~ 9a " " 550 lbs. nit. of soda .. 36 23 9b 550 lbs. nitrate of &oda alone ................................ 23~ 10~ 
lOa 400 lbs. ammonia salts alone ............................... 20~ 7~ 
11 392 lbs. ouperphoRphate and 400 lbs. ammonia salts ... 25~ 12i 
13 392 lbs. ~uperphobphate, 100 lbb. ammonia salts, and 
200 lb~. sulphate of potash .............................. 31! 18~ 
1 Made of 200 lbs. bone ash to 150 lbs. bUlphuric aCl'i. 
• 200 lbs. s•.1lphate potash,lOO lbs. sulphate soda and 100 lbs. sulphate magneo1a. 
In 1843 a wealthy young Englishman, John B. Lawes, now Sir John 
Lawes, began the study of the effeut of various kinds and combinations 
-of natural and artificial fertilizers on wheat and other crops. "Broadbalk 
Field" of his " Rothamsted Farm " was devoted to the continuous culture 
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of wheat with fertilizers, the field bf'ing divided into a number of plots, 
each of which received the same application of manure or fertilizPr year 
after year. Some of the results of this work are grouped in the above 
table, which gives the fertilizers applied annually per acre, and the average 
annual yield of wheat per acre, for the '36 years, 1852-87 : 
This table shows, that in this remarkable experiment, potash, when used alonE>, has 
produced no increase of crop. Phosphoric acid when used alone, albeit in very Ltrge 
quantity, has produced a very small increase. Nitrogen alone, both in the form of am-
monia and of nitrate, has produced considerable increase. 
Potash and phosphoric acid in combination have prod need practically no increase 
until nitrogen was added, and then the increase was ve1y mnch greater than that pro-
duced by nitrogen alone (compare 9a and 9b). 
Comparing 11 w1th 13, we see that potash, though apparently n&eless when used 
alone, or with phosphoric acid only, yet has had a striking effect when added to a com-
bination of phosphoric acid with nitr.>gen. 
Comparing 13 with 7, it will be seen that the soda and roagne:;ia have adde.d very 
little to the value of the potash. 
It is estimated that 400 pounds a.mmonia salts, such as are used in this test, will 
contain about the same quantity of nitrogen a~ 550 pounds nitrate of soda; but a com-
parison of 8 with 9a, and of 9b with lOa, shows that ammonia has been less efficient than 
nitrate in this experiment. 
Omittmg the soda and magnesia as useless, the cost, at present prices, of the super-
phosphate, potash, and ammonia salts applied to plot 6 would amount to about $17 per 
acre per annum; the application to plot 7 would co~t about $25, and that to plot 8 about 
$33. Nitrogen may be purchased more cheaply, however, in the form of nitrate of soda, 
thar.. m ammonia; and on this account, the fertilize1·s for plot 9a might be purcha&ed 
for $23-0J: one dollar's worth of fertilizerfor each bushel of increase. 
The soil upon which this experiment is conducted is clay underlaid with chalk. In 
order to test the behavior of sandy land under fertilizerR, the Royal Ag1·icnltural Society 
of England instituted in 1876 an experiment at Woburn, similar in its details to the one 
just described. A compilation of the results of the first ten years' work give& the follow-
ing averages : 
COMMERCIAL FERTILIZERS-TABLE XV.-WREAT AT WoBURN. AVERAGE 
YIELD FOR 10 YEARS. 
No. Fertilizers per acre per annum. Yield Increase per acre. per acre. 
--
Bttshels. Bushels. 
1 Farm-yard manure, 8 tons ................................................ 26.7 9.6 
2 U nfertilized.•...... .... .. ... . .. .. . . . . .. . .. . . . .. .. ... .. .. . .. ................... 17.1 .............. 
3 392 lbs. superphosphate and 400 lbs. sulphate of potash, soda 
and magnesia ............................................................ 17.7 0.6 
4 275 lbs. nitrate of soda alone ............................................ 24.1 7.0 
5 275 lbs nitrate of soda with superphosphate, etc., as in 3 ....... 32.4 15.3 
6 550 lbs. " " " " ........ 37.1 20.0 
Here again we have practically the same results on the sandy soil at Woburn, as 
those shown by the Rothamsted experiments on clay. Potash and phosphoric acid pro-
duce pr~U~tically no effect until combined with nitrogen; but if we would get the full 
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effect of a nitrogenous manure, we must add to it potash and phosphoric acid. More-
over, in both these experiments the fertilizers have been used with greatest economy 
when the quantity of nitrogen in the fertilizer was equal to, or greater than that llf the 
phosphoric acid (nitrate of soda contains about 16 per cent. of nitrogen, and the super-
phosphate, ubed in thebe experiment~, about the same per cent. of phosphoric acid). 
These experiments further show that chemical fertilizers may be so 
used as to give at least as large an increase of crop as may be obtained 
from the liberal use of barn-yard manure; but in the Rothamsted exper-
iment, each ton of such manure has yielded a lmshel and a half of wheat, 
and in the Woburn experiment, each ton has yielded more than a bushel 
of wheat, whereas the most successful use of fertilizers has produced but a 
bushel of increase for the expenditure of a dollar in fertilizers, and when 
the fertilizers were not used in proper combination the cost of the increase 
has been much greater. 
Ohio farmers, however, do not generally cultivate wheat continuously 
on the same soil, but alternate wheat with other crops; and those who use 
commercial fertilizers generally believe that such fertilizers applied to 
wheat are of special service to the grass crop following; clover being con-
sidered a " grass" in farm practice. On this point, Sir John Lawes has 
been experimenting for many years; but much of this part of his work 
has been defeated by what the English farmer knows as "clover sickness, ' 
somet1ing unknown in Ohio In summing up the results o.f his investi-
gations he says: 
When land io not what is called "clover sick," the crop of ~lover may frequently be 
increabed by top dressings of .manure containing potabh and superphosphate of lime; 
but the high price of salts of potaoh, and the uncertainty of the action of manures upon 
the crop, render the application of artificial manure for clover a practice of doubtf11l 
economy. 
At the Ohio Experiment Station a series of field experiments with 
fertilizers was inaugurated soon after the establishment of the Station, in 
1882. These experiments luwe been conducted, from necessity, on a small 
area of unevenly drained lanq, the plots being from 7h to -h acre in size. 
The rt!S'I.~lt of six years' work is that, as a rule, no more wheat has been l~arvested 
from the plot.s treated with comm'3rcictl fertilizers than from those receiving no 
fertilizer, wl~aeas the manures of the farrn have produced a marked increase of 
crop when judiciously used. We do not regard this experiment, however, as 
at all conclusive. It is evident that uneven drainage, surface washing 
over the small plots, and other sources of error which could only become 
apparent after some years' experience in the work is obscuring its results, 
and therefore it has been decided to abandon the work in this field and 
begin anew in another :field, where a larger area may be devoted to it, and 
where thorough drainage is practicable. 
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The general plan of this experiment has been already described. 
The section alloted to wheat lies with a gentle slope to the north-
not more than sufficient for good drainage-and a barely perceptible dip 
to the east. On the east stands a grove of timber-chiefly beech~and elm 
-while the other three sides are unprotected, except by the lay of the 
land. The subsoil is boulder clay, generally impervious to water. Before 
being drained, the soil became very wet and "spongy" in wet seasons. 
The slate is probably 10 to 15 feet from the surface, with no gravel inter-
vening, except under a few of the western plots, where it is ll.iore than six 
feet from the surface. 
The fertilizers were distributed according to the plan given in Table I, 
and the experiment was carried out under the immediate supervision ot 
Mr. J. Fremont Hickman, Agriculturist of the Station. 
COMMERCIAL FERTILIZERS-TABLE XVI.-EXPERIMENTS ON WHEA.T AT 
THE STATION. 
Yield per aC1 e, with increase or decre(l,8e on fertilized plots. 
Plot 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
Fertilizers. 
Unfertilized ..................... ~· ~ .... ~ ............................ 
Superphosphate (dissolved bone-black) ................... 
Potash (muriate) ................................................ 
Unfertilized ........................ , ................................ 
Nitrate of soda ( 480 lbs.) ....................................... 
Nitrate (480) and superphosphate ........................... 
Unfertilized ....................................................... 
Superphosphate and potash .................................... 
Nitrate (480) and potash ....................................... 
Unfertilized ...................................................... 
Superphosphate, potash and nitrate ( 480) ................ 
" " (320) ................. 
Unfertilized ........................................................ 
Superphosphate, potash and nitrate (160) ................. 
" " ammonia .................... 
Unfertilized .................. , ..................................... 
Rock phosphate, potash and nitrate ( 480) ............... 
Sl~ '' " 480 ............... 
Un ertilized ....................................................... 
Barn-yard manure .............................................. 
Linseed oil-meal .. .. .. . ... ... ... . . .............................. 
Unfertilized ......................................................... 
Lime ............................................................... 
Stable manure, bedded with shavings ..................... 
'"Estimated. 
Yield per acre. Increase 
or 
Decrease. 
Grain. Straw. (-) 
Bushels. Pounds. Bushels. 
50.5 7,100 . ............. 
50.2 7,220 2.9 
47.5 6,700 3.5 
40.8 6,140 ............. 
40.0 5,960 -3.0 
40.R 5,960 -4.5 
47.5 6,900 ........ , .... 
41.6 5,800 -5.4 
45.6 7,240 -0.9 
46.0'~ 6,140 ............... 
49.5 7,24(1 4.1 
493 7,220 5.5 
44.2 5,200 ............. 
47.0 5,740 4.9 
47.0 6,740 7.1 
37.8 5,900 ............... 
40.0 5,860 1.3 
39.3 5,900 -0.3 
40.5 6,000 ............. 
44.5 6,700 5.3 
38.7 4,940 0.7 
36.7 4,il60 ................ 
37.0 5,200 .............. 
33.1 5,140 ................ 
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Table XVI shows that the results attained are almost wholly negative. 
A few of the fertilized plots have given larger yields than the adjoining 
unfertilized plots, but these increased yields have not occurred with suf-
ficient regularity to justify the assumption that they are due to the fertil-
izers. Apparently, the soil of this field contained all the elements of 
fertility in sufficient abundance to satisfy the full capacity of the crop. 
FARM TESTS. 
But two complete farm tests were undertaken with wheat, one in 
Columbiana county, by Mr. H. Y. Bentley, and one in Erie county, by;Mr 
C. A. Hawley. On account of delays in shipment of fertilizers from New 
York, the seeding in case of both these tests was delayed two to three· 
weeks beyond the proper season, much to the detriment of the crop. In. 
Mr. Hawley's experiment, the wheat grown on the test plots was practi-
cally destroyed by rust. The results obtained in Mr. Bentley's experiment 
are given in Table XVII, and indicate that nitrate of soda and super-
phosphate were of some benefit to the crop. 
COMMERCIAL FERTILIZERS -TABLE XVIl.-EXPERIMENTS ON WHEAT IN 
CoLUMBIANA CouNTY, BY H. Y. BENTLEY. 
Yield per acre. 
Plot Fertilizers. Increase. No. 
Grain. Straw. 
- ----
Bushels. Pounds. Bushels. 
1 Unfertilized ..................... , ........ ............................ 9.3 2,040 .. ............... 
2 Superphosphate (dissolved bone-black) .................. 13.3 2,540 3.7 
3 Potash (muri<tte) ................................................ 110 2,200 1.2 
4 Unfertilized ........................................................ 10.1 2,260 
.... ········· 5 Nitrate of soda (480 lbs.) ....................................... 13.3 2,940 3.4 
6 Nitrate ( 480) and superphobphate .......................... 150 3,060 5.3 
7 Unfertilized ......................................................... 95 2,120 .............. 
8 Superphosphate and potash .................................. 9.3 1,860 1.1 
9 Nitrate (480) and potash ......... , ............................. 10,5 2,300 3.4 
10 Unfertilized ............................................... , ......... 6.0 1,540 ........ , ....... 
11 Superphosphate, potash and nitrate (480) ................. 10.6 2,200 5.9 
12 Barnyard manure ............................................... 4.1 1,200 o.s 
13 Unfertilized ........................................................ 2.0 700 ........ u ...... 
14 Common salt ......... , ............................................. 1.5 590 .............. ~ 
In the tests just described, both that at the Station and that in Colum-
biana county, the nitrate of soda was sown in the fall, which was probably 
a mistake, as, when sown at that season, it is liable to be largely washed 
away by the rains and snow of winter and early spring. German experi-
menters, who have investigated this question carefully, advocate delaying 
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the application of the chief part of the nitrate of soda used on a crop of 
wheat until April or even May. In the Rotharosted and Woburn experi-
ments, nitrate of soda is not applied until spring. 
The Rothamstead and Woburn experiments indicate so fo1·cibly the 
necessity of a large proportion of nitrogen in a fertilizer for wheat, tha 
during;the fall and winter of 1888-9 a few farmers in different parts of 
the State were induced to make the experiment of adding in the ~pring 
a small application of nitrate of soda to wheat that had already had bone-
meal,:;.or a similaf phosphatic fertilizer, in the fall. 
The plan of this experiment, as proposed to these farmers, was that 
when sowing the fertilizer in the fall, one or two strips should be left 
without any fertilizer, one should have an application of barnyard manure, 
and two should be dressed with bone-meal alone, one of which should 
have, in addition, an application of nitrate of soda and muriate of potash 
in the spring, at the rate of 160 pounds each per acre. The results o± 
this work are as follows: 
Mr. D. J. Johnston, of Columbiana county, Ohio, made the experi-
ment on a "rather cold and heavy clay soil, light timothy sod, plowed for 
.corn and followed by oats." The plots were 3-16 acre each in size, and 
yielded as follows, in bushels, per acre : 
No.1. Unfertilized ........................................ ........................... 8 6 
No.2. S. C. rock, 400 lbs. per acre ............................................... 15.8 
No. 3. S. C. rock, 400 lbs., followed by nitrate and potash ................. 22.4 
No.4. Unfertilized ................................................................... 14.3 
No.5. Barnyard manure ......................................................... 12.3 
Mr. Johnston explains that plot No. 1 was behind from the start, as 
it.did~not come up so well as the:others, and that the barnyard manure 
was'put on when the ground was frozen, and was not very well rotted. 
Mr. E. L. McCague, of Huron county, reports the following yields: 
Plot l. Unfertilized . . ........ .......... ....... ......... ................ ........... 3.1 
" 2. Bone-meal, 400 lbs. per acre.................. ...... .......... ......... 5.4 
" 3. Bone-meal, 400 lbs. per acre, followed by nitrate and potash .. 17.4 
" 4. Unfertilized ......... ................ .... .... •. ...... ......... ......... ... ... 4.4 
" 5. Barnyard manure ......................................................... 28.4 
Mr. McCague writes that the average yield of the field in which this 
~xperiment was located was 20 bushels per acre; but the experiment plot 
was sown SeptembPr 27, two weeks later than the remainder of the :field, 
and suffered from drouth. ' 
Mr. Orlando Hickey, of Licking county, reports as follows: 
l'lot 1. Bone-meal.......................................... .... .. . ...... . . . . . ..... . .. 33.3 
" 2. " followed by nitrate and potash ........................... 50.6 
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Mr. Orlando Trotter, of \Vashington county, undertook the same ex-
periment, but misunderstood the plan, and instead of putting the nitrate 
and potash on a plot that had been dressed with bone in the fall, he put 
it on one that had had no fertilizer. He reports the following yields: 
Plot No. 1. Bone-meal, 225 lbs. per acre ......................................... 16~ 
'' " 2. Nitrate and pota&h .................................................. 20! 
Mr. W. C. Pinkham, of Clermont county, undertook the experiment, 
but as he could see no difference in the growth of the different plots, did 
not harvest them separately. It is not safe, however, to rely upon the eye 
alone in t;uch work as this. 
It will be seen that in tbe three tests in which the plan was fully 
carried out and the results carefully ascertained, there has been a very 
decided increase of crop from the spring application of nitrate and potash. 
It would have been better if the nitrate had been used alone on one 
plot, and in combination with potash on another, in order to determine, 
beyond possibility of mistake, which of the two substances is needed by 
the plant. To this end the following very simple experiment is proposed, 
in the earnest hope that a large number, out of the many thousand 
farmers who will receive this bulletin, may be induced to undertake it 
and carry it carefully to completion. 
The object of the experiment is simply to determine whether nitrate 
of soda may be profitably used as a fertilizer on wheat that has already 
1eceived a fall dressing of some fertilizer rich in phosphoric acid and poor 
in nitrogen, such as bone-meal. In other words, it is designed to ask our 
soils whether the ratio of nitrogen to phosphoric acid may be profitably 
increased, when manuring them for wheat, above the ratio found in the 
average of the commercial fertilizers sold in the State. 
As the foundation for the experiment, therefore, take a :field that has 
had a dressing of bone or other phosphate in the fall; on that side where 
the soil is most uniform, stake off four strips, as per the diagram fol-
lowing. 
Outside of the strips, and acroRr; the ends, leave a space not less than 
two rods wide, and wider if near timber, in order that the results may not 
be vitiated by the influence of fence or trees. Two of the strips are to be 
left with phosphate only; OJae is to receive nitrate of soda, at the rate of 
160 pounds per acre, and one nitrate at the same rate and muriate of 
potash at the rate of 40 to 80 pounds. (Ae most of the "phosphat?s" 
used with wheat in Ohio contain some potash, and as potash seems to be 
less often required than nitrogen or phosphoric acid, the quantity named 
is believed to be sufficient. The larger quantity is proposed for tests in 
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which bone-meal has been used, the smaller one for those in which a 
fertilizer containing potash has been used.) 
1. Phosphate only, in Autumn 
2. Phosphate in Autumn, Nitrate in Spring. 
3. Phosphate in Autumn, Nitrate and Potash in Spring. 
' 
4. Phosphate only, in Autumn. 
Let the strips be of sufficient size to contain at least one-tenth acre 
each-larger will be better-and apply the nitrate and potash broadcast 
at any time from the middle of April to the middle of May. 
In harvesting first draw hnes from stake to stake around the bounda-
ries of the entire plot and along the divisions, then with a sickle cut 
aisles about 16 inches wide under each line. Then cut off the outside belt 
and set its sheaves to one side, after which the remaining strips can be cut 
without difficulty. 
Thresh from the shock if possible; otherwise, stack the plots with 
layers of bay between, weighing the sheaves of each plot, if possible, before 
stacking. In threshing, let the machine run empty between plots (it is 
not necessary to stop it) and sack and securely label the grain from each 
plot as it runs from the machine. It is well to drop a duplicate label in-
side the sack, to guard against accident. 
Nitrate of soda and muriate of potash are not generally kept in stock 
by dealers in fertilizers, but most dealers will be glad to order them for 
their customers. 'l'he probable cost, in small lots, will be about 3 cents 
per pound, freight, commission, etc., included. 
EXPERIMENTS ON PLANTS GROWN IN JtOXES. 
Whoever bas carefully looked over the tables given on the preceding 
pages, must be struck with the great diversity in natural productiveness 
of soils selected because of their apparent uniformity, as shown by the 
differences in yield of the unfertilized plots. These differences, however, 
are not exceptional, but aa-e quite within the limits of variation which 
practical field experimenters have learned to expect in such work. 
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By systematic and continuous cultivation of a series o~ plots, under 
uniform treatment, such inequalities as have arisen from temporary 
causes will gradually disappear, and in the course of years such results 
may be arrived at as those shown in the Rothamsted experiments, where 
it is evident that all minor inequalities in natural fertility have been ob-
literated in the grand aggregate results of a half-century of persistent work. 
But we cannot afford to wait half a century for results Something 
must be definitely indicated from year to year, if field experimentation is 
to hold a permanent place as a practicable method of research. 
By repeating the same experiment on various soils, after some such 
method as that explained on previous pages of this bulletin, some of the 
errors indicated may be in a measure corrected. But this method also 
leaves much to be desired. It does not remove the source of error, but is 
only useful because the inequalities of one soil are likely to be offset by 
different inequalities in another soil, and thus one error is made to coun-
teract another. 
The only method by which a soil of absolute uniformity can be se-
cured is to deal with a quantity so small that i.t may be thoroughly mixed, 
after which experiments upon it may be conducted in pots or boxes, or in 
plots of very small size in the field, made by removing the surface soil to 
a uniform depth, mixing 1t thoroughly and returning it to the original 
situation. 
The objections to this method· of experiment are, that it involves the 
placing of the soil under abnormal conditions as to heat and drainage, if 
boxes or pots are used, and the dealing with such a limited number of 
plants i:tJ. any case that the idiosyncrasies of individual plants, or the er-
rors liable to arise from calculating acre yields from yields of single plants, 
or small numbers of plants, are liable to be very misleadmg. As one of 
several co-ordinate methods of investigation, however, in which there-
sults of one method are used to verify those of another, the culture of 
plants in pots or boxes must hold an important place. 
It is with this end in view that such experiments as those about to be 
described are being made. 
In the F1pring. of 1888 two series of boxes, each box being 18 inches 
square by 12 inches deep, were filled, the one series with clean sand from 
the beach of Lake Erie, the other with mixed soil from the field in which 
the Station's fertilizer experiments are installed, and planted with care-
fully selected grains of corn. 
The boxes were so arranged as to have uniform drainage, and around 
them corn of the same variety was planted in the open ground, to insure 
fertilization of the ears. 
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At -planting~time, and at intervals during the growth of the corn, dis-
solved:bone-black, muriate of potash and nitrate of soda were applied to 
the"soil of the different boxes, singly and in various combinations, and 
also barn-yard manure and linseed oil-meal, according to the plan shown 
in plate I, which is drawn from a photograph of the boxes containing 
lake sand and taken when the corn bad reached maturity. 
It will be seen that in only two cases did the plants reach anything 
approaching complete development; those being in the boxes which had 
received nitrate and superphosphate in the one case, and nitrate, super-
phosphate and potash in the other. The total dry weight of the plants 
grown in box 6 was 6.25 ounces, containing 1.62 ounces grain; that of the 
plants grown in box 8 was 9.50 ounces, containing 2.25 ounces of grain, 
these being the only plantR that produced any grain, thus showing that 
whereas potash alone, or in combination with either phosphoric acid or 
nitrogen, was of no service to the plant, yet when combined with both 
phosphoric acid and nitrogen it produced a marked increase-a result in 
striking harmony with the half century's experiments with wheat at 
Rothamsted. 
In the boxes containing the soil of the experiment field, the plants 
all reached about the same altitude, and each box produced a little grain; 
but the quantity of grain produced was in proportion to the quantity of 
nitrogen added. 
In the fall of 1888, wheat was sown in these boxes, the soil being left 
undisturbed, and the same fertilizers were applied to the wheat as had 
been to the corn. The wheat was watched carefully throughout the 
season, and when it was necessary to water it artificially the water was 
measured, so,tas to give the same quantity to each box. '£he fertilizers 
were"applied at different periods, and the same quantity of each ingredient 
wasgiven"to each~box. No attempt was made to calculate quantities per 
acre, the object beir1g simply to give an abundance of each of the three 
substances, nitrogen, phosphoric acid. and potash. The results are shpwn 
in plates II and III. The horizontal lines shown represent spaces of six 
inches, and show that the most vigorous plants made a growth of nearly 
three feet from the surface of the soil. When growing in the :field, under 
unrestricted conditions, the variety of wheat used in" this work (Pen-
quite's Velvet), reaches a height of three to four feet. 
In all cases the same number of grains of wheat were sown; the in-
crease of stand in .the fertilized boxes is due to the increased stooling of 
the wheat under the conditions of prosperity it found there. In both 
series of boxes the futility of using for wheat a fertilizer containing no 
nitrogen, as well as the inadequacy of nitrogen, when not aided by phos· 
phoric acid, is strikingly demonstrated. 
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It will be noticed that in the series of boxes containing soil from the 
experiment field the wheat in the three boxes fertilized with the combina-
nations of mtrate w1th potash and superphosphate, is much shorter than 
in the other boxes. The heads, however, were evenly and well filled, and 
the growth very dense. There could be no questwn, with one who saw 
the whea.t growmg, that boxes 6 and 8 contained much more grain than 
any others in the series, except No 10. 
Unfortunately, the Enghr,h ::;parrowl'> prevented the absolute demon-
stration of th1s point by lMrvesting the grain for themselves one Sunday 
afternoon. 
In .:1 t:Cl ies of these boxes, containing lake sand, German millet TI as 
grown in 1889 The fina.l weights of the crop are given in table XVIII. 
COMMERCIAL FERTILIZERS-TABLE XVIII. ExPERIMLNT "N GrmMAN 
l!rLLDT IN BuxEs 
Box 
No. Fertrlizer. 
Weight of crop. 
Grain. Straw. 
--·1---------------------- ------· 
1 Unfertilized.......... .. . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . 
2 Snperphosphate (disbolvcu bone-black) .......................... . 
3 Pot,teh (rnurratc)........... .. .......... . ........•..•............ 
4 Nrtrate soda ....................................................... . 
5 Superphosphate and pota•h ..................................... . 
6 Superphosphate and n1trate . . . .................................... . 
7 Potaoh and nrtrftte .................. .... ........ . ................. .. 
8 Superphosph.tte, potash and nitrate... . ......................... . 
9 Barnyard manure ................................................... . 
10 Lin8eed oil-meal..... .. . .......................................... . 
Gwmmes. G,ammrs. 
7 
.7 
.5 
15 
7 
45 
15 
100 
16 9 
45 
19.1 
191 
22.2 
41.0 
22.0 
83.4 
41.0 
1417 
388.5 
1571 
It will be observed that these result:; are in harmony with those of 
the other tests, except that barnyard manure shows a greater I'>Uporiority. 
This is partly due to the fact that the boxes had already borne two crops 
before the millet, and the earlier applications of manure had become more 
thoroughly decomposed and incorporated with the sand. 
We have two objects in view in illustrating these box experiments: 
The first 1s to add their testimony to that of the field experiments pre-
viously described, and the second is to suggest to farmers a very simple 
method of ascertaining the needs of their soils; a method within the 
reach of every farmer or farmer's boy; one more reliable than the most 
elaborate chemical analysis; more reliable, even, than an actual field test, 
under ordinary circumstances. 
To make this test, simple pine boxes will be found most convenient. 
COMMERCIAL FERTILIZERS-PLATE H.-WHEAT GROWN IN LAKE ERIE SAND. 
COMMERCIAL FERTILIZERS-PLATE IlL-WHEAT GRoWN IN CLAY LoAM. 
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We have found the size mentioned, namely, 18inches square by 12 inches 
deep, to be well suited for the small grains; for corn, however, we recom-
mend field experiments, as it is not practicable to use boxes large enough 
to give proper root space to more than one or two plants, and there is such 
a great difference in the individuality of different plants of corn that ex-
periments an single plants are liable to be misleading. 
Believing that valuable suggestiom respecting the needs of various 
soils may be obtained through this method of investigation, the Station 
makes the following proposition: 
To any farmer who will undertake to carry out carefully on oats or 
wheat such a series of box tests as that ill uctrated in plates I to III, and 
to send the crop produced to the Station for final determinations, the 
Station will furnish free the fertilizers necE>ssary for the experiment, with 
instructions for carrying out all its details. 
GENERAL CONCLUSIONS. 
These experiments seem to justify the conclusion that in fertilizing 
for wheat a much greater crop may be produced by lH;ing phosphoric acid 
and nitrogen in approximately equal quantities, the phosphoric acid be-
ing applied in the fall, the nitrogen (if used as nitrate) chiefly in the 
spring, than by the ordinary practice of using phosphates only. 
They indicate that nitrogen may often, but not always, be omitted 
from a fertilizer for corn without detriment to the crop. 
The most impo1·tant conchosion to be drawn fmrn these tests is, how<ver, that 
in very mat1y, 1'j not the majority of cases, neither wheat nor corn will return 
sufficient increase of crup to cover the cost oj any artificial fert-ilizer, at pre8ent 
prices of grain and fertilizers, respectively. ' 
The experiments do not, however, furnish conclusive proof that com-
mercial fertilizers cannot be used with profit in Ohio. Most persons who 
use these fertilizers on w:Q.eat do so in the belief that the grass or clover 
following the wheat is much improved by the fertilizer, and English ex-
periments indicate that there is some justification for this belief. Whether 
this improvement is sufficient to compen&ate the average loss which must 
result in the wheat crop is a question which should be subjected to the 
test of systematic experiment. 
Such experiments are now in progress at this Station, but the co-
operation of farmers throughout the State is needed in order that results 
of general application may be reached at an early date. 
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THE SOURCES AND COST OF COMMERfJIAL FERTILIZERS. 
Phosphoric Acid.-There are four principal sources of the phosphoric 
amd of fertilizers: These are the bones of animals; a phosphatic rock, 
fo.und in South Carolina, Florida and other places; a slag resulting from 
the manufacture of steel from iron ores containing phosphorus by the 
Thomas-Gilchrist process, and hence called "Thomas slag," and certain 
guanos. 
Bones are used in two forms· namely, as raw bone-meal, and as 
superphosphate, which is made by treating raw bone or rock with sul-
phuric acid, which renders most of the phosphoric acid of bones, and a 
considerable portion of that of rock, easily soluble in water or weak acids. 
One of the most reliable forms of bone superphosphate is known as "dis-
solved bone black." In the refining of sugar, large quantities of bone 
charcoal are used. After a time, this charcoal becomes unfit for further 
use in refining, and is then sold as a fertilizer, for which purpose it may 
be used in the condition in which it comes from the refinery, as simple 
bone-black, or it may be first treated with sulphuric acid, and thus con-
verted into" dissolved bone-black." Raw bones contain a small portion 
of nitrogen, but this is expelled in converting them into bone-black, hence 
the only fertilizing properties of bone-black are the phosphoric acid and 
lime which it contains. In treating bone-black with sulphuric acid, a 
portion of this lime is converted into sulphate of lime, or gypsum, and 
this, under certain conditions, may add to the value of the fertilizer, es-
pecially where potash is needed, as one of the functions of gypsum seems 
to be the liberation of potash from its combinations in the soil. 
Experience has shown that dissolved bone black is one of the most 
reliable vehicles for conveying phosphoric acid to the soil. It is now of-
fered at wholesale in New York at $22.00 per ton; adding 25 cents per 
hundred for freight and handling, it will cost in Ohio $27.00 per ton, or 
8i cents for each pound o'f phosphoric acid contained. Phosphoric acid 
may be bought for less money in the phosphatic rock of South Carolina, 
in Thomas slag, or in the phosphatic guanos, and experiments made by 
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he Connecticut Experiment Station indicate that the phosphoric acid of 
guano and Thomas slag, at least, is almost as effective as that of dissolved 
bone-black, provided two or more seasons be given these fertilizers in 
wh ch to do their work, as their phosphoric acid is not so readily solu-
ble as that of dissolved bone-black. The same may be said of the use 
of raw bone meal; if ground fine enough and given time enough it 
will yield to plants almost the entire amount of its phosphoric acid. 
Potash.-The chief sources of the potash of commercial fertilizers are 
varwus salts of pota.sh-m.uriate of potash, containing about 50 per cent. 
actual potash; high-grade- sulphate of potash, containing about the same 
proportion of potash; double sulphate of potash and magnesia, contain-
ing 25 to 27 per cent. actual pota'3h, and Kainit, containing about 12 per 
cent. actual potash. Muriate of potash is now offered at wholesale in 
New York at two cents per pound, thus making the cost of actual potash, 
in this form, about 42 cents per pound in Ohio, including freight and 
commlSSlon. Although the- lower grades of potash salts are sold at a much 
lower price than the muriate, the actual potash is contained in so much 
smaller proportion that it is often more expensive in the low priced than 
in the hlgh priced salts, especially when the additional freight on the 
bulky, low priced salts is added. 
The ashes of cotton hulls contain about 25 per cent. of potash and 1i 
per cent of phoRphoric acid, on an average. Corn-cob ashes should con-
tain as much potash, if reasonably free from. impurities. Canada hard-
wood ashes are being offered for sale in Ohio as a potash fertilizer, at about 
$15 per ton. A large number of analyses of such ashes, made by the 
Connecticut Experiment Station, show that they contain about 6 per 
cent. of potash and 1.;! per cent. of phosphoric acid. Estimating the 
phosphoric acid at its cost in dissolved bone-black, the potash would cost 
about 10 cents per pound. The lime in ashes is often of some value7 
especially on heavy clays; but a ton of aohes would not ordinarily con-
tain more than 20 bushels of lime, which may be bought fresh from the 
kiln in most sections of the state at 18 to 25 cents per bushel, or about 
half what it would cost in the ashes, reckoning the potash at its cost in 
muriate. 
Reduelng Bones-Farmers frequently ask how they may reduce bones for thmr own use. The 
first step 1s to break them mto small pieces, by grindmg or poun<hng, they may then be m1:x:ed m 
alternate layers with &table manure, and allowed to ferment for ten or twelve months, after whwh 
they w1ll be found soft and friable. They may also be reduced by packmg them m barrels m alter-
nate layers w1th wood ashes and occasionally m01stunng WIth barnyard hq uor, or by boiling in lye 
made from wood ashes. The solution of bones With sulphunc acid 1s a difficult operatwn, and 
cannot be done with economy on an ord1nary fa'rm. Unless the bones are first ground to a very fine 
meal, the aetd will form a coatmg on the outsJde of the p1eces which w1ll :prevent its further actiOn, 
and render the solutiOn extremely tedwus Even when the bones are thoroughly ground, the so· 
lut10n can be accomplished With greater economy by those who are prepared to do the work on:a 
large scale, and who have acqu1red skill in the speCial manipulations required, than by the ordi-
nary farmer. 
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Leached ashes contain about 1 per cent. of potash and 1 to 1i per 
cent. of phosphoric acid, and these may sometimes be bought at a price 
that will justify their use. 
Nitrogen. -The chief sources of the nitrogen of fertilizers are nitrate 
of soda, sulphate of ammonia, and dried blood and other slaughter-house 
refuse. 
Nitrate of soda is a salt dug from the earth, chiefly in Perut;:and 
Chili. It is often called Chili saltpetre. As marketed, it should contain 
about 16 per cent. of nitrogen. It is now offered in the New York:market 
at 2t cents per pound, equivalent to 2t or 2~ in Ohio, thus making its 
actual nitrogen cost about 15 cents per pound. 
Sulphate of ammonia is a refuse product from the manufacture of 
illuminating gas. It contains about 20 per cent. of nitrogen, and is now 
quoted in New York at3t cents per pound, making its nitrogen cost~in 
Ohio about 17 cents per pound. Dried blood is a refuse of the slaughter-
houses, and contains 9 to 13 per cent. of nitrogen. By "cornering" the 
market, the cost of nitrogen in this form bas been raised to about 19 cents 
per pound. 
The experiments of Sir J. B. Lawes have shown that as a fertilizer 
for wheat, nitrate of soda is more effective than sulphate of ammonia, 
pound for pound. 
O:a:As. E. T:a:oRNE, Director. 
ADDENDUM. 
ANALYSES OF FERTILIZERS. 
The Station receives many req nests for reports of analyses of fertil-
izers. In Ohio, this work is done, n6t by the Experiment Station, but by 
the State Board of Agriculture, under supervision of L. N. Bonham Sec-
retary, by whom the reports of analyses are published and distributed. 
As the facts exhibited by these analyses, in re?;ard to the general com-
position of the commercial fertilizers sold in the State, have a direct 
bearing upon the question discussed in this bulletin, and as the edition 
published by the Board of Agriculture is not more than sufficient to 
supply the ordinary demand for it, it has been deemed proper to republish 
here tho principal features of the tables of statistics, found in the latest 
report of analyses made by the Board of Agriculture. 
The tables are published as corrected for this bulletin by Secretary 
Bonham, and are followed by an explanation of the method by which the 
valuations given are obtained, by Prof. N. W. Lord, State Analyst 
Fertilizers. 
TABULATED ANALYSES AND VALUATIONS OF FERTIUZERS, UP TO DECEMBER 31, 1889. 
[ISSUED BY THE 0IIIO STATE BOABD OF AGRICULTURE, JANUARY 151 1890.] 
The analyses are by Prof. N, W. r,ord, Ohio Smte University, Columbus, Chemist of the Board of Agriculture. The samples were selected by the Secretary of the 
Board, in accordance with the act of March 16,1881. All samples given are verifit>d by oath on file in this office. The valuations are by the Secretary, and 
based on the average< ommermal value of the ingredients in Ohio, as >old at retail thi• year, viz., ammonia, 19 cents per pound; soluble and reve1 ted phos-
phoric acid, 8% cents; in~oluble phosphoric acid in rock, 2 cents; insoluble phosphoric acid in animal matter, 5 cents; and potash, 6Y. cents per pc und. 
['f AllLE I.-Superphosphates and acidulated goods. See, also, Table 1I and notes. 
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1.36 11.75 1.27 
''"2.i1"' $23 50 1 3.40 10.35 083 Bl 67 4 
6.84 14.82 6.32 2.03 49 40 7 
8.10 14.76 4.98 
'"'2:1'2''' 30 40 8 152 18.08 5.87 33 R5 9 
3.40 5.11 1.40 3.61 24 48 10 
1.70 14.31 3.45 1.90 28 77 12 
2.63 1S.03 255 l.'i9 31 16 13 
2.89 11.62 0.96 2.29 32 46 15 
1.70 10.86 0.89 2.81 27 42 16 
1.82 11.24 1.02 2.71 28 2l 17 
2.5~ 12.01 1.02 3.64 35 21 18 
0-47 15.65 1.79 
""ii.sii .. 26 [)7 }!) 
''"i:ii5"' 15.46 2.81 25 73 20 11.63 1.34 2.64 28 b7 21 
···z.ii"' 0.17 ""'i:ii5'" 0 .9 22 10.66 0.76 27 67 23 
14.04 0.63 1.41 24 88 24 
1.87 11.75 1.40 1.49 27 21 25 
1.78 9,20 1.79 2.73 23 63 26 
2.12 12.01 134 1.22 2S 33 27 
2.97 10.09 2.49 243 29 86 28 
7.39 11.69 2.42 3.49 5080 29 
3.82 21.80 7.47 44 65 30 
2.21 12.65 2.81 2.94 31 76 33 
1 Jarvis Drill Phosphate-1\fichi!l"an Carbon Works, Detroit, Mich ........ , ....... , ........................................................ .. 
4 Home~tead A Bone Black FertillZer-:dlChigau Carbon Works, Detroit, 1\f!ch ................................................... .. 
7 Bone a.nd Meat 1:'hosphate--Vaughu, B\_)nsa.ll & Co., Salem, o ............. HfOUUOOOoo•u••••••o.•·······················u···--·••u•••· 
8 Di•solved Bune-Vaughn.Bonsall & Co., Salem, 0 ............................................................................................ . 
9 B-.un-rBonePhosphat,__Vau,.hn, B n'all&Co~S·•lem, 0 ................................................................................. .. 
10 Peerless Bone Pho,phate-Canton F!lrtilizer Co., Canton, 0 .......................................................................... .. 
12 Bradley's Di-solved Bone with Potash-Bradley Fertilizer Co., Boston, 1\fass .................................................. . 
18 Sea Fowl Guauo-Bradley Fe:rh!JZ~l' Co., Boston, Ma% .................................................................................... .. Io Gram and Grass Fer<illzer-Great Eastern Fertilizer Co., Rutland, Vt.. .......................................................... .. 
16 Wheat opecial-Great Eastern Fertihzer Co., Rurtand. Vt .............................................................................. .. 
17 Oats and Buckwheat Phosphate-Great Eastern Fertilizer Co., Rutland, Vt ....................................................... . 
18 Vegetnble, Vin" and Tobacco Fert;lizer-Greot EastErn Fertilizer Co,, Rutiand, Vt ......................................... .. 
19 J)lamoud Soluble Bone-Walton, Whann & Co., Wilmmgton, Del............. .. ................................................ . 
20 Diamond Sol1J ble Bone and Potash-Walton, Whomn & Co., W1lmington, Del ................................................... .. 
21 Button Bone Fenilizer- New Jersey Chemical Co., Philadelphia, Pa .............................................................. .. 
22 We, tern Reserve Fertilizer-Western Re,erveFertllize" Co., Mmeral Ridge, 0 ................................................. . 
23 Queen City Phosphate-Crocker Fertilizer Co., BuffrlJo, N. Y ........................................................................... .. 
24 Superphosphate No. 2-Crocker Fert1lizer Co., Buffalo, N". Y .............................................................................. . 
25 tiuccess Phosphate-LISter's Agricultural Chemical Works, Newark, N, J .......................................................... .. 
26 U.S. Pho•phate-Lister's AgrJCnltural Chemical Works, Newark, N.J ............................................................. .. 
27 American Diss~lved Bone-LISter'> Agricnltur&l Chemical Works, Newark, N.J ............................................. .. 
28 Gilead Phosphate-Cincinnati Detoiccating Co., Cincinnati, 0 ........................................................................... .. 
29 Tobacno Fertilizer-Cincinnati Desiccating Co., Cincinnati. 0 ............................................................................ .. 
30 Pure Acid Bone-Cincinnati lJesiccatiug eo., Cinciut!.ati, 0 '1>UU91<UUHIUUU .......... ., •••• u .... uououoouoo• unu ................. . 
88 Grond Bone with Potash-Bradl0y Fertilizer Co., Boaton, 1\faSB.. .................................................................... .. 
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TABULATED AN.Al;YS1il!l AND 'V ALUATlONI! OF FlmTILIZERS1 Ul' TO DECEMBER Sl, 1889-Continued. 
Name of fertilizer, and address of manufacturer 
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Dissolved Bone with Potash-Bradley Fertilizer Co., Boston, Mass........................................................ ..... ....... 1.19 10.09 1.27 I Sea Fowl Guano-Bradley Fertilizer Co., Boston, Mass........................................................................................ 2.3tl 12.65 2.55 
Potato Fertthzer-Bradley Fertilizer Co., Bo,ton, Mass......................................................................................... 2.'29 12.G8 1.50 
Ohio Valley Phosphate-Gincinnati DPsiccating co0 Cincinnati, 0.................. ...... ............................................ 1.87 9.45 2.74 Packing House FcrtWzer-Oleveland Provision Co., leveland, Ohio................. .... ............................................ 8.33 ll.78 8.11 
Challenge Corn Grower-N. W. Fertilizer Co., Chicago, lll......................................................... ......................... 2.21 14.69 7.15 
ILindale Phosphate-Herrick, Harris & Co., Cleveland, 0 ... ................................................................................. 1.95 17.90 6.20 
Pride of Ohio Phosphate-Herrick, Harris & Co., Cleveland, 0 ................................................... . ..................... 2.01 J3.'l4 2.88 
Pure Bone and Pota>h Pho•phate-Herrick, Harris & Co., Cleveland, 0 ..... ............... ..... ................. ......... ........ 2.81 17.70 6.78 
Am. Bone Superphosphate-Crocker Fertilizer & Chemical Co., Buffalo, N, Y........... ......................... ........... .. 3.74 11.24 1.27 
Bi!t Bonanza Fertilizer-Walker, Stratman & Co, Pittsburg, Pa....................... ........ ............................................ 1.99 10.56 3.94 
Ohw Seed llfak~r-Cleveland Dryer Co, Cleveland 0. ........................................................................................... 1.40 15.08 5.43 
.Empne Snperphosphate-Wescern Umon Chemical Co., Cleveland, 0.................................... ............................ 1.11 13.91 2.68 
International Phosphate-Western Union Chemi<'Bl Co., Cleveland, 0 ................................................................ .... . ... l5.M 2.17 
Forest City Am. Bone Snpcrphosphate-Cleveland Dryer Co., Cleveland, 0...... ......... .... ............... ..................... ............ 14.57 4.23 bo'!I Fold Fertilizer-Walker, Stratman & Co., Pittsburg, Pa............................................................................... 2.04 :0.90 3.70 
h10 Farmer Bone :!iuper~hnsphate-Western Union Chemical Co., Clflveland, Ohio........................ .................. 1.87 14.25 2.81 
Guano-The'"Currie Fert1 zer Co., LonibVille, Ky ..... ~·~··· ·-·--···~- ............. u ............ u.... .. .... .................................. 1J57 10.'36 0.92 
Pure Ammoniated Dissolved Bone-Louden back & Co., Westville, Ohio.............................................................. 2.04 8.40 0.89 
~;•olved Bone l'hosphate and Powh-John s. Reese & Co., Baltimore, Md............................................... ........ .. . .. . 15.97 5.ll 
o uble Pacific Guano-Jno. 8. Reese & Co., Baltimore, Md............................................ ....... ...... ..... .................. 2.55 12.11 3.70 Qneen C1ty Raw Bone Superphosphate-The Currie Fertilizer Co., Louisville, Ky.. .... ....... ........ ......... ...... ....... 2.21 12.64 2.14 
Que~n City Corn GrowE'I'-The Currie Fertilizer Co., Lnuisvllle, Ky................................ .................................... 1.95 12.4! 3.62 
Curne's Guano-The Currie Fertilizer Co.i Louisville, Ky........................... ............................... .... ................. 2.39 9.96 1.98 
Currie's Potato Grower-The Currie Ferti izer Co., Louisville, Ky ................................................................. .... 3.27 10.88 3.10 
Currie's Tobacco Grower-The Currie Fertilizer Co., Louisville, Ky.......................... .... ... ................ ............. 2.J3 11.10 2.95 
Insecticide Floral Fertilizer-The Curry Fertilizer Co., Lomsville, Ky....................... .......... .................. .... ..... 3.o4 8.76 1.69 
New Standard-E. 0. Peters & Co., Cincinnati, 0 ......................... -.. ........................ ...................................... ...... 2.41 8.42 0.76 
Pure Aeid Bone, Cincinnati Desiccating Co., Cincinnati, 0................ ............... .............. ... .... .................. ........ 4.84 21.21 7.41 
Ohio Valley Phosphate-Cincinnati Desiccatmg Co., Cincinnati, 0............................ ....................... ................. 1.87 10.09 4.28 
Tobacco Fertilizer-Cincinnati Desiccating Co., Ciucmnati, 0........................... ......... ..... .................................... 4.38 13.67 3.32 
Champion F,rtlllzer-Newburg l!'ertihzer Co., Newburg, 0 ............................... ................................................. 3.40 12.81 2.82 
Western Reserve Fertllizer-Newburg Fertilizer Co., Newburg,O............................................. ........................... 4.29 12.38 3.28 
Forest City Am. Bone Superpho•phate-(,'leveland Dryer Co., Cleveland, 0 .................. ,..... .............. ................. 5.25 13.36 2.30 
Bu.keye Am, Bone superphosphate-Ckveland Dryer Co., Cleveland, 0.................................. ........................... 3.82 14.60 2.52 
Ohto Seed Maker-Cleveland Dryei Co., Cleveland, 0 ............................................. .. ........... .......... .............. .. 1.06 14.48 3.18 
XXX Acid Phosphate-Cleveland Dryer Co., Cleveland, 0...... ...................................................... .............. ......... ............. 15.84 :!.20 
Potato Fertilizer-Cleveland Dryer Co., Cleveland, 0 ............................................................................. ,............... 3.31 ' 12.66 3.08 
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2.52 $23 30 34 0 ~ 1.61 29 32 31i 
-3.18 31 42 36 0 
2.01 22 23 38 
.... o:ii .. 47 70 39 l;l 28 64 40 1:1 
············ 
33 50 41 
"' 26 51 42 tz:j 3.64 40 75 44 p;; 
1.58 33 72 46 ..... 
1.06 2·112 49 ~ 
........... 23 89 50 1:') 
........... 24 43 53 z 
.... o:ii" 23 60 54 
,.., 
19 48 56 Ul 0.94 2l 69 57 
.;) 
0.20 27 94 60 I> 2.92 27 33 61 ..:1 
2.25 24 33 6~ .... 
1.43 22 H6 (i8 0 
1.36 27 29 64 z 
1.~3 28 Si 6~ 
1.22 25 44 66 
3.03 27 36 67 
2.47 30 11 68 
2.72 29 71 69 
4.05 29 49 71 
3.44 26 95 72 
""2:i4'" 49 26 73 21 48 74 
o.M 45 15 76 
...... ·~-· 31 OS 78 
.... o:z7" 33 08 80 40 02 81 
0.3a 36 50 82 
0000040 HOO 24 51 83 
.... 4:6o 24 07 84 36 08 85 
86 Sandy Soil Fertilizer-C;'velJ!.nd ng;er Co., Clevel8Jld/O ................................ ,................... ................................. 8.48 12.!.'2 8.02 4.05 3li 87 86 
87 White Barley Tobacco Fertihzer-C eveland Dryer Co., Cleveland, 0............................................. ..... ............... 4.29 15.10 3.04 8.29 42 30 87 
88 Bone and Potash Mixture-Cleveland Dryer Co., Cleveland, 0...... ....................... .......................... ..................... 8.31 16.94 5.82 
"'"3:2i'" 83 Bl 88 89 Conn. Valley Tobacco Fertilizer-Cleveland Dryer Co.d Cleveland, 0......................................... ............... ...... ...... 3.82 15.33 3.14 40 67 89 
92 Plam Dissolved Bones-Cleveland Dryer Co., Clevelan , 0 .......................................... ......... ...... .......................... 0.43 15.48 1.94 
············ 
25 43 92 
93 Am. Di•solved Bone-Cleveland Dryer uo., Cleveland, 0 ................................................................... _ ........ ...... 2.04 13.8~' 3.28 
..... o:iio ... ~6 98 93 97 Superior Phosplmt&-H. c. Gates, Brooklyn, 0............ ......... .......................................................................... ..... 1.96 10.10 2.62 22 00 97 
98 Sure Crop Phosphat&-Bowkel Fertilizer Co., Boston, Mass................................................. ...... ................. ........ 1.61 l2.G5 2.87 1.81 26 25 98 
199 Am. Dissolved Bone-Bowker Fertilizer Co., Boston, M!lSs....................................... ................................. ............ 2.92 11.88 2.4'J 1.&2 so 26 99 
1 ~0 Bowker's Hill and Drill-Bowker F~rttlizer Co., BoRton, Mass ...................................................... ........................ 4.04 13.67 1.98 1.85 88 4l 100 01 Superphosphate wnh Potash-Bowker Fertilizer Co., Boston, Mass ............................................................................ 15.91 377 1.58 24 20 101 
102 dupe~hosphate-BowkPr Fertilizer Co., Boston, Mass ........... .............................................................. ............. . .......... 18.85 4.60 ............ 26 06 102 
lOS Fine round Bone-Bowker Fertilizer Co., Bo-ton, Mass..................................................................................... g,57 18.72 
'"'i:s'5'" '""24'iil"' 103 t:-4 104 MJlson'sPuta.'h Fert1lize1-Milson l<enderlng & Fertilizer Co., Buffalo, N.Y................................................... 2.81 8.82 262 101 0 106 Milson's Buffalo Guano-Mibon Renderii>g & Fertilizer CoCBu1falo,N. Y................. .......................................... 8.06 13.03 7.15 1.62 26 60 106 1;0 
10';' Milson's Buffalo Fertilizer, Milson Rendeiiug & Ferttllzer o., Buffalo, N. ¥....................... .... .......................... 4.68 8.43 4.41 2.74 32 58 107 t::7 108 Soluble Bone Phosphate-Davidge Fertilizer Co., New York ........................................................................................ 10.73 0.70 l.b9 19 79 103 L 110 Oh1o Farmer Bon&-We~>teru Union Cheml('a) Co., Cleveland, 0........................................................................... 3.87 14.44 2.3G 029 36 57 110 112 Lake Erie Ftsh Guano-Jarecki Lhemical Works, Sandu&ky, 0............................................................................ 1.36 14.82 7.09 0.96 26 65 11~ 
113 Corne's Wheat Gro"er-The Currie Fertilizer Co., Lomsville, Ky.......................... ................................. .... ...... 2.55 12.65 3.19 1.L1 28 40 113 1>-114 Chicago Bone Meal-Thompeon & Edwatds, Chicago, Ill............................................................ ........................ 3.b3 17.25 11.75 2.29 37 74 114 t:-4 
116 Crop Multtplier-G. F. Bruer ManuJacturing Co., St. Louis, Mo................................................ ................. ........ 3.53 12.14 1.19 
..... o:7·9· 31 72 116 c:j 118 A.mmal Gudno-Thompson & Edwards, ChJCago, Ill............................................................................................. 3.!4 12.59 5.75 32 01 118 p.. 
1!9 Garden City Superphohphat<>-N. W. Fert1lizer Co., Chicago, Ill................................ .......... ........... ................. 2.07 12.14 3.96 0.48 27 40 119 8 121 Farmers' Choice Bone Phosphate-I. P. Thomas & Son Co., Philadelphia, Pa....... ..... ....................... ................. 1.70 11.88 2.65 1.97 26 24 121 f-t 
122 Western Reserve Fertilizer-Jonathan Warner, Mineral Ridge, 0 .................................................................................. trace traPe 0.28 0 30 122 0 
123 Ammoniated V. ht at and Corn J:'ho•phate-Ciocker Fertilizer and Chemical Co., Buffalo, N. ¥................... ...... 3.06 11.24 179 2.04 31 06 123 ~ 124 Supej.!;hcsphate-Jarecki Uhenucal Works, Sandusky, 0............. .................................... ................................... 1.11 13.42 587 0.86 20 53 124 
125 ~m. lour of Bone-The Currie F~rtihze1 Co., Louisville, Ky............................................................................. 2,00 17 '25 7.02 ............. 32 01 125 
125 The Q. C. Bone Phof}>hate-The Currie Fertilizer Co, Lomsv11le, Ky .............. ,.............. .................................... 2.46 1l.M3 3.83 ........... 24 56 126 0 
127 Reliance Dissolved Bone-Walton, Whann & Co., Wilmington Del .................................................................................. 15.33 8.21 21 82 1~7 ~ 1281 Am, DiM<olved Bone-The Curri!' _Fertl~izer C_o., Louisville, Ky................................................ .............. .......... 1,55 10.60 1.27 ""'2'.74'" 2ii 82 128 ~ 129 National BoneDust-N. W. Fertilizer Co., Chicago, Ill......... ............... ..................................... ....................... 2.64 12.39 3.64 
.... o:o:r .. 28 54 129 i:."j 130 Red otar Ferne Fertilizer-The Star Slaughtering and Phosphate Co., Washington C. H., 0.......................... ..... 0 09 7.'11 6.32 5 28 130 td 136 Farmers' Frwnd Bone Phosphate-M. Hamm & Co., Chillicothe, 0................................... ................................... l.ll 15.46 6.!!3 023 26 0~ 136 1-3 137 SnecebS Bune Phosphate-T .Carver & Uo., Chillicothe, 0 ........................... • :................ ..................... ..... ........... 1.36 7.03 5.62 066 14 05 137 ..... 
l&s Farmers' Pride Bone Phosphate-T. l'arver & Co., Chillicothe, 0.................................. ...................................... 2.38 12.39 9.45 0.73 24 44 138 1:" 
139 Ohlo Snre Growth-Thompson & Edwards, Ch1eago, Ills ................................. :.................... ................ .............. 2.04 16.74 7.41 0.41 77 10 139 ..... 
140 Critchfield Standard Pho>phate-E. P. Critchfield, Howard, 0...................................... .................... ........... ...... 0.17 18.14 3.70 007 26 77 140 t:'< i:."j 141 Acid Phosphate-Sharple>s & Car&enter, PhiladPlflhia. Pa ................................................................................. .. .......... 17.38 4.09 
""2:i6" 24 23 141 td 142 No, 1 Bone ~ho~Late-Sharpless Carpe~ter, Ph I adelphia, Pa. ............ ,. ........... ;............................. ................. !·96 9.71 2,04 24 12 142 ?2 148 Star Perfection hosphate-Star "laughtenng and Phosphate Co., Washmgton o. H., 0............................... ..... 2.64 8.94 6.39 0.21 J.7 19 143 
144 Prairie Phosphate-N. W. Fertilizer Co., Chicago, ills.............................................. ............ .... .......................... 2.21 14.05 5.49 
..... o::xt 28 14 144 145 Garden City tlupetphosphate-l<. W. Fertilizer Co., Chicago, Ills....................................... ................. .............. 2.72 12.78 4.09 27 13 145 
146 Quinn Am. Dl&Olved Bone-The Quinnp1ac Co., New London, Conn..... ................................... ...... ................ 255 13.42 2.68 1.41 30 85 146 
147 tlquare Brand Bone and Potash-Bowker Fertilizer Co .. Boston, Mass................................................................. 1.87 12.39 2.8! 2.25 27 46 147 
151 j Currie's Black Diamond Phosphate-The Cnrne Fertilizer Co., Louisville, Ky .................................................................. 11.69 1.63 0.31 18 28 151 
158 Farmers' 8tanda1d Phosphate-G. Ober & Sons,Balt:Imore,Md.............................................................................. 2.38 10.60 2.30 2.22 26 96 153 154! Di•solved Bone Phosphate-G. Ober & Sons, Baltimore, Md................................. ......... ........................ ........ .... . .......... 16.99 8.45 ............. 2440 1M 
156 Ohio Dissolved Bone-Piketon Hardware Uo., Piketon, 0 ............................................................................................... 16.74 1.79 ............ 26 13 155 
156 T. & P.l:luperphosphate-Waring Manufacturing Uo., Colora, Md ................................................................................. 16.67 2.81 
..... 2:o.i ... 24 68 156 157 Q. & L. Ammoniated Phosphate-Waring Manufacturing Co., Colora, Md........... • ............................................ 1.62 14.69 3.83 ~8 80 157 
158 Fish Am. Superphosphat&-Waring Manufacturing Oo., Colora, Md.................................................................... 0.85 16.48 8.88 26 26 158 ~ 
160 t 'Yea.raley's Soluble Bone and Potash-J, Yearsley, Coat.wille Pa ....................................................................................... 16.87 2.43 1,()2 26 85 160 
""' 
!!".:f'.ABULATED • ANALYSES AND j VALUATIONS OF FERTILIZERS, UP TO !DECEMBER 81, 1889-Continued, 
i 
1 
Name of fertilizer and address of manufacturer. 
163 ton Brand-Read & Co., New York, N.Y ......................................................................................................... . 
164 ur Original Alkaline Bone, Read & Co., New York. N.Y ................................................................................. . 
~ ; 
'g 
_,., 
§ 
"' ~ 
2.29 
1.70 
162'1!1-rmers'Friend-Read & Co., New York, N.Y ................................................................................................... . 
16b ccidulRted Phosphate-New Jersey ChPmical Go., Philadelphia, Pa ............................................................ .. 
166! ~luble~Bone and !"otash-New Jer&ey Cht;>mical Co., _Phtladelphta, Pa .............................................................. 1 .......... . 167 1ctor oone Fertthzer-New Jen;ey Cnemtcal Go., Philadelphm, Pa................... ...... .. .. ...... ................. ...... ........ 1 62 
168 ls-olved Bone Phosphate and Potash-The Baltimore Guano Co., Baltimore,llfd .......................................... .. 
169 • G. Am. Bone Phosphate-The Baltimor" Guano Co .. Baltimore, Md ............................................................... .. 
171 'ame Guann-The Baltimore Guano eo., Baltimore Md .................................................................................. . 
172 igh Grade Snperphosphate of Bone-11. Bl0cker & Co., Gettysburg, Pa ........................................................... . 
178 Db-solved Bone and Potash-D. Blocker & Co., Getty; burg, Pa ..................................................................... . 
174 Am. Soluble Bone Phospbate-D. B!ucker & Co., Gettysburg, Pa ..................................................................... . 
176 Keystone Dissolved Bone Pho<phate-D. D. ffess & Son, Readmg, Pa ............................................................. . 
'"i:79" 
·t.\18 
136 
1.11 
0.59 
0.94 
176 Acid Phosphate-D. D. Hess & Son, Reading, Pa .............................................................................................. .. 
177 Am. Bone Superphosphate-D. D. Hess & Son, RPading, Pa........... ................................... .......... ................... ..... 2.47 
178 G. E. G. Dissolved Bone-Great Easwrn Fertilizer Co., Rutland, Vt ......................................... .... ........ .............. .. ..... .. 
180 Rome.tead Tob•cco Gr.,wer-Michiqan Carbon Works, Detroit, Mich................... ............... . ...... .. ... . ...... ...... 3.96 
181 Erie l'ity Fertilizer-Schaal Bros., Erie, Pit............................................................... .... . ........... ....... .... ...... ........ 1.67 
184 Special F~tvorit~-Davidge Fertillzer Co., New y,)rk ........................................................................ ............ ......... 1.79 
186 F•rmers' Fertilizer-Manly & Miller, Archibald, 0.. ............. ............................................ .. ......... .. ............... 2.47 
188 Golden Harvest ::luperphosphat,.......James McCallum & Co., Dayton, 0 .......................... ...................................... 3.40 
189 Am't'd Dissolved Bone-JamFs :McCallum & Co., D~tyton, 0...................................... ........ ... ... .......................... 3.66 
Hl Bone Phosphate-Chrlstman Rndl Weibach, Archibald, 0........................................................ .. ....................... 1.70 
192 St~tr Bone Pho~ph~te-Star oJau~htern.g and Phr-sphate Co., Washington C. H., 0 ............................................... , 4.';0 
191 Zell's Economizer-Zell Guano o., Baltimore J11d .................................................................. ........................... 1.36 
195 Zell's DlSSolved Bone Pho•phate-Z~ll Guano Co., Baltimore, Jlfd ................................. ......... ..................... ..... .. .. . 
196 Cal vert Goano-Zell Guano Co., Baltimore. Md ........... .......................................... .............. .... ............ .............. l 02 
197 Ralston's Bone MPal-Northwe.•tern Fertilizer Co., Chicago, Ill........................................... .................. .... ......... 2.&9 
198 Am'd DiBSolved Bone-Northwestern Fertilizer Co., Chieago, Ill............................... .......................................... 2.80 
199 Dissolved Ro.w Bone-Northwestern Fertiliser Co, Chiea,;o, Ill................................ ... ....... ... ...... ................... 3.06 
201 Acid Phosphat~-Nort.hwe;,tern Fertilizer Co, Chicago, Ill...... .. .............................. , .............................. .. ......... I 
24!2j Alkaline Acid Phosph><t&-Northwe.•tPrn Fertilizer C,o .. Chic~te:o, Ill ............................... :.:.: ..................................... .. 
203 I 21> Dollar Phosph•te-~orthwPsrern Fertilizer Co., Chicago, Ill ............................ .................... .. . ..... ............... 2.38 
20<1 Am. Bon& ,.;upt>rpbnsphata-Chesapeake Guano Co, Balt1more, llfd ................. ......... ..... ... ... .... . ......... ........... 1.49 ' 
205 j Corn and Oats Fertilizer-Chesapeake Huano Co, Baltimore,Jifd .... ......... ..... ....... ......... ...... ........... ...... ........ 0.114 !' 
200 DeSICcated Bone Phosphate-Chesapeake Guano Co., Baltimore, liid............ .. .............................................................. . 
208 Improved Bone-Western Union Chemical Co., Cleveland, 0........ ................ ............... ................. .............. ... 3.49 II 
209 , Rotted Bones-Western Union Chemteal Co., Cleveland, 0 ............................................................................................. .. 
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13.67 1.72 
11.12 1.92 
13.80 1.85 
17.63 1.92 
14.82 1.15 
8.82 1.02 
14 58 2.17 
10.?2 3.19 
11.63 2.94 
13.16 306 
13.03 1.79 
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l3.:l2 0.64 
16.80 us 
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211 Competition-M. Hamm & Co., Chil1ieothe, 0.................. .......................•••..........••..•.•......... ............................... . .......... 12.78 
214 Salem Special Manure-Vanehn. Bonsall & Co .. Salem, 0.......................................................................... .......... 5.02 28.88 
215 Globe Bone Phosphate-Springfi~ld Fertilizer Co., Springfield, 0....................... ................................. ................. 2.81 16.10 
217 Soluble Brme Phosphate-Springfield Fertilizer Co., Springfield, 0.. .... .................................... .......................... 1.79 10.60 
218 Tobacco and VegetableSuperphospha!e-i'\pringfleld Fertilizer Co., Springfield, 0............................. ................. 4.93 8.56 
219 Atlas Bone Pho•phate-SprinllfiPld FPrtiliz~r Co .. Springfield, 0 ............................................. ...... ...... ...... ........ 2.64 14.57 
220 Rasln's Acid PhoRPhate-Rnsin Fertilizer Co .. Baltimore, :r.Id ...... ~....... .................................... ...... ................... 0.17 16.61 
221 Soluble Seo. Island Gnano-R>loln Fertiliz~r Co., Baltimore, Jlfd ......... ............................. ............ .. . ................. 2.13 11.50 
222 Dissolved Bone-Rnsin Fertilizer Co., B•ltimore. Md ....... ...... ............ .................. ............ ................................... 2.72 12.27 
2.!4 Baugh's Double Eagle Pho,phntc-Bau2h & Sons, Philadelphia. Pa ........................ .................... .................. ..... 2M 11.11 
226 Poto.to, Hop and Tobo.cco PhoRpbate-f'rocker F(•rtllizer & Chemical Co., Buffalo, N.Y........... ......................... 2.55 11.24 
227 New Rival Am. SupPrphnsphate-Crocker FertiHzer & Chemical Co., Buffalo, N, Y ................... .................. . . 1.79 10.99 
280 Detrick's Am. Bone SuperphoRpbate-Bradley Fertilizer Co., Boston, Mass................... ............................ ....... l.v2 1•1.fi7 
231 Dipsolved Sc. Bnne-W. S. Powell, Baltimore. l\fd .................................................................................................... 15.59 
232 Red Bag FertiHzer-W. S. Powell, Baltimo<e. l\1d ........... .................. ...... .................. ....................... ........... ..... ... 1.45 1227 
2H3 Tip-top Bone FertiHzer-W. S. Powell, Baltimore, Md ... ..................... ....................................................... ..... ~.38 11.<l3 
234 Bone and Potash Fertilizer-W. s. Powell, Baltimore, Md ............................................................................................... 14.05 
281\ Pride-H. S. Roberts & Co., Westminster, Mo............................................. ............................................... ... .... 2.~8 11.12 
236 ~*'~::o;~B:~'l&~tt~~ts&~g;;,;"*"!~~~~ie~fio:::::·::::::::::::::::::·.:::::::::·::.::::·.·:.:··.·::.::·.::·.::·.:·.:::::·:.::::·::.:::.:::::.::: •. :::::::: 2.04 11.~6 287 1.19 9.7l 
238 Anchor Bone-H. S. Roberts & Co .. W('stmmster, .Mo ..................................................................................... 1.5.21 
240 Zell's Am. Bone Supernhosphat<>-Zell's Guano Co., Baltimore. llfd .................................................................. '":/:iii" 11-'\0 
241 Pure Dissolved Bone with Potash-Walker, Stratman & Co., Pittsburgh, Pa ........................................................ 1.96 907 
243 Hone and ll!£at Fertilizer-Walker, Stratman & Go., Pitt~<burgh, Pa .................................................................... ~97 1'2.14 
244 Baltimore DiS"olvert Boue-Sl!nglnff & Co., B~tltimore, Md ................................................................................. 106 14.69 
'Uii SpPi'ial Tobacco-Chappell Chemical & Fertilizer Co., Baltimore, Md........ ................. ................ .... . ......... 2.21 1078 
216 Spet'ial Corn a.nd Oats-Chappl'll Chemical & Fertilizer Co., Baltimore, Md ........................................................ ""i'iii" 12.78 
'247 Farm<?rs' RPliance Am SuperRhosphate-Chapp<;ll Chemi(,al & Fertiliz<'r Co., Baltimore, Md ......................... 8.30 
248 Ilia•olv~d Raw Bone-Chs1Jpe Chemical & Fertilizer Co., Baltimore. Md ......................................................... 2.f.2 13.67 
:li9 Special Wheat and Gra.<J.• FPrtiiizer-Chllppell Chemical & Fertilizer Co., Baltimore, Md ................................. 1.53 10.09 
250 Royal Bone Phosphate-William~. Clark & Co., New York ................................................................................... 1.66 9.07 
251 Universal Am'd Dissolved Bone-William~. Clark & Cn., New York ................................................................... 2.21 9.97 
1'>52 Prolific Crop Prodncer-Willlo.mR, Clark & Co .. New York ..... , .............................................................................. 1.45 7.54 
253 Bal!:er's Dissolved Bone Phosphate--Chemic~! Co. of Cauton. Baltimore, Md ..................................................... 15.59-OM Solnble Bone and Potssh-Chemieal Co. of Canton, Baltimore, Md ..................................................................... 15.59 
255 Com,.,lete Fertilizer-A.. B. Mayer Mfg. Co., St. LoniB, Mo.......................................................................... . ......... 3 36 9.20 
2fi6 S. C.'& C. Gnltuo-Carib Guano Co., Baltimore, Md......................................................................................... ..... ".26 19.30 
257 Potato and· Hop Pbn!lphate-Milson Rendering & Fertilizer Co., Buffalo, N.Y................................................... 3.15 10.73 
258 Vf'2etahle Bone Ferti1izer-Yil..:.on Rendering•& Fertilizer Co., Buffitlo, N.Y ............................. ................ ·....... 5.98 
6.52 
259 Farmers' Alkaline Bone-Lorenz & Rittler, Baltimore, Md .............................................................................................. 13.80 
261 Normal Bone PbosphRte-I. P. Thomas & Son Co., Philadelphia, Pa ............................. ........... ..................... .... 1.53 12.27 
2!12 Potato;Manure-I. P. Thomas & Eon Co.,:Philadelphia, Pa ................................. ...................................... ........... 2.30 12.14 
269 ........................................................ ........................ ............................................................................................ 1.19 
9.71 
28a :iilead PhoRphate-Clncinnati Desiccating Co., Cincinnati, 0............................................. ............ .................... 3.82 
10,48 
97a Superior Phosphate-Fj:. C, Gates, Brooklyn, 0........... .................................. ......................................................... 2.98 10.80 
1.66 0.26 
13.80 
""'1:62" 3.19 
1.91 3.43 
0.89 6.79 
4.~1 3.38 
2.04 ............ 
1.9! •••u••••••• 
140 ............ 
217 
0.96 4.55 
1.(18 2.!31 
2.17 0.65 
0.4t 
3.32 1.08 
3.58 1.62 
0.51 1.17 
2.!';5 2.56 
~55 2.08 
1.40 2.54 
1.53 
2.fi5 '"i.75" 
2.~0 3.5~ 
P.20 ••n••• ••• 
1.28 
"'4:ii!" 1,53 
1.28 2.74 
1.92 2.20 
2.94 ""2:~7' uo 
0.78 2.35 
OM 2.47 
1.53 1.17 
2.01 
3.96 2.76 
4.53 0.60 
14.44 0.75 
3.13 6.13 
0.76 7.72 
0.64 4.49 
3.06 1.89 
4.21 7.95 
3.~2 2.62 
2.55 2.10 
5.18 2.30 
19 90 
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36 02 
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TABULATED ANALYSES AND VALUATIONS OF FERTILIZERS, UP TO DECEMBER 31, 1889. 
[IssUBD BY THE Omo STATE BOARD OF AGRICULTURE, JANUARY 15, 1890.] 
The ar.1,"ysis are by Prof. N. W. Lord, Ohio State University, Columbus, Chemist of the Board of Agriculture. The Sllll1ples were selected by the Secretary of the 
Board, in accordance with the act of March 16, 1881. All samples given are verified by oath on file In this office. The valuat10ns are by the Secretary, and 
are based on the average commercial value of the ingredients in Ohio, as sold in fertilizers, vtz~ ammonla, 19 cents per pound; insoluble phosphoric acid, 
'' flneu bone,6 cents; in "medium" bone,4eents; coarse bone, Scents. 
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TABLE !I.-Bone and "untreated" organic matter. See, also, Table I, :for Superphosphates.] 
Nllll1e of fertillzer,;a.nd!ad<I:ress:of manufacturer. 
Homestead Desiccated Bone-Mlehlga.n Carbon Works, Detroit, Mich..................................................................... .. ................ . 
Homestt-ad Raw Bone :Meal and Potash-:MlCb:fgan Carbon Works, Detroit, Mich .................................................................... .. 
Banner BoneFlour-Mtclngan Carbon Works, Detroit, Mich ........................................................................................................ .. 
flalem Bone Du .. t-Vaughn, Bonsall & Co., Ba.tem,O ............................................................................................................... . 
Peerless Bone Dust-Canton Fertilizer Co., Canton, 0.............. .............................................................. ........ ................. .. • ..... .. 
Pure Ground Bone-Great Eastern Fertilizer Co., New York ..................................................................................................... . 
Horseshoe PJo.nd Fine Raw Bone-Nortllwestern Fertilizer Oo., Chicago, Ills......................... .. ............................................. . 
Akron Ground Bnne-Dick & Miles, Akron, 0 .............................................................................................................................. . 
Pure Ro.w Bone :Meal-Herrick, Harris & Co., Cleveland, 0 ....................................................................................................... .. 
Pure Ground Bone-Crocker Ferl:fiiZel' a.nd Ch•mlcal Co., Buffalo, N.Y ......................................................................................... . 
Pure Ro.w Bone Meal-Cmcinnati Desicco.tmg Co., Cincinno.tl. 0 ................................................................................................ .. 
PureFlne Bone Meal-Walker, Stro.tman & Co., Pittsburgh, Pa. .............................................................................................. .. 
:3quare Bone-Cleveland Dryer Co., Cl .. velsnd, 0 ........................................................................................................................ . 
Pure Bone :Meal-WIIlker, Stratman& Co., Pltl&bnrgh, Pa ........................................................................................................ . 
Tlger Bone Meal-Western Union Chelnlcal Co .. Cleveland, 0 ............................................................ ~ ...................................... . 
Ro.w Bone Meal-Cincinno.tl Desiccating co., Cincinnati, 0 .......................................................................................................... .. 
Pure Bone Dust-Newburg Fertilizer Co., Newburg, 0 ................................................................................................................ .. 
Superior Bone-Clevela.nd Dryer Co.,Olevela.nd, 0 ....................................................................................................................... .. 
Vo.Uey Bone-J. L. &H. Sta.dler, Palmer, 0 ................................................................................................................................... . 
Raw Knuckle Bone Meo.l-H. C. Gates, Brooklyn, 0 ...................................................................................................................... .. 
Ro.w Bone Meal-H. C. Gates, Brooklyn10 .................................................................................................................................. .. 
Pure Bone Meai-Milson Rendering ann Fertilizing Co., Buffalo, N.Y ....................................................................................... .. 
Tiger Bone Meal-Western Union Ch&mlcal Co., Cl~Wela.nd, 0 ................................................................................................... .. 
Pure Bone Meal-Thompson & Edwards, Chicago, Ills .................... , ....................................................... , ...................................... .. 
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2l.90 41 40 47 
24.24 42 12 48 
23.10 31 70 52 
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'Pure Raw Bone Meal-Geo. F. Bruner Manufacturing Co'i St. Louis, Mo ....................................................................................... . 
Fine R~w Bone-Northwe.•tern Fertilizer Co., Chicago, Il • ................................................................................ § .......................... .. 
Pure,Ground Raw Bone-Thompson & Edwards, Chumgo, Ills ..................................................................................................... .. 
Pura.Fine Ground Bone-Thomp,on & Edwards, Chicago, llls ...................................................................................................... .. 
Pure Bone Meal-M, Hamm & Co., Chillicothe, 0 ......................................................................................................................... . 
Pure Bone Meal-P. B. M•thiason & Cu .. St. Lou•s, Mo .................................................................................................................. .. 
~k~~~~~o~d~~~'f>~~~r.fM:ITe~0A~~~~~go.~~~·. ~::·::·:.:.:::::·::::::::.::::::::::::::·.:::::::::::·::: .. :::::::::::::::::::::.::::·.::::::::::.:::::::::::::::::::.::::· 
Jrtde•cent Raw Bone llfeal-P. B Mathiawn & Co., St. Louis, Mo .................................................................................................. .. 
Fine Ground,Bone-Cincinuatl De,wcatmg Co., Cincinnati, 0 ...................................................................................................... . 
Udch's Pure Boue-Elia; Unch, UhrichsVIlle, 0 .................................................................................. : ..................................... .. 
Raw Bone Meal-Walton, Whann & Co., Wtlmlnf(ton, Del.. .......................................................................................................... .. 
Superior Ground Bone-James McCallum & Co., Dayton, 0 ....................................................................................................... . 
St>tr Bone Meal-Star Slaughtering and Phosphate Co., Washit•gton C. H., 0 ............................................................................ . 
Pure Ground Bone-Northwestern Ferttlizer Co., Chicago, Ills ..................................................................................................... . 
Pure Ground Soluble Bone Meal-H. C. Gates, Brooklyn, 0 .................................................................................................... .. 
Western Pure Bone Meal-R. J. Wllhelm. Portsmouth, 0 .............................................................................................................. .. 
Pure Ground Bon~-Springfield FertiLizer Co., Sprmgfield, 0 ..................................................................................................... .. 
Baugh'• Raw Bone M:eai-Baugh & Sons, Philadelphia, Pa ........................................................................................................... .. 
Dorst Bone Meal-John Dorst, Pomeroy, 0 ................................................................................................................................ .. 
Pure Raw Bone-E. Raugh & Sons, Indianapolis, Ind .... :; .............................................................................................................. .. 
Pure Bone Meal-A. B. lliaJer Manufacturing Co., St. Louis, Mo .................................................................................................. .. 
Pure Raw Bone-Walker, Stratman & Co., Pltlsburgh, Pa ............................................................................................................ . 
•Includes 2.70 per cent, potash. 
In addition to the analyses given above, 1hirty-five other brands have been liceused, but have not yet been analyzed. 
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COMMERCIAL VALUATIONS OF FERTILIZERS. 
:BY PROF. N. W. LoRD, CHEMIST OF THE OHIO STATE BoARD OF AGRICULTURE. 
There is still some misunderstanding as to the commercial valuation attached to the 
various ingredients of the several brands of fertilizers printed in the tables in this report. 
To make the matter as clear as possible, a few words may be said in explanation. 
The main fact to be always remembered is that the value given to the different 
brands do not necessarily or even usually express their fertilizing value. Or, in other' 
words, a fertilizer which shows the highest valuation, is not therefore a better fertilizer 
for any particular locality than one which shows a much less one. 
Now what, then, does this commercial value express? To answer this it must be un-
-derstood that fertilizers are mixtures of certain materials, each of which is necessary to 
the soil, but of which some are needed on certain soil in greater proportions than others. 
Thus, some soils and some crops need phosphoric acid mostly, some need potash, and 
some need ammonia. The needs of a soil the farmer aa.n determine by experiment, and 
his fertilizer should be selected to meet the case, that is, whichever element is most 
needed should be the one most prominent in the fertilizer, and with this part of the se-
lection the commercial valua.tion has nothing to do at a.ll. 
Now, bea.ring this in mind, we can understand the real application of the commer-
.cial valuation, which is this: These several ingredients, ammonia, phosphoric acid and 
J?Otash have very different costs; if you want to buy a pound of ammonia you must pay 
:about 19 cents for it, (at retail, in small markets); if you want a pound of available 
phosphoric acid, you must pay about 8k cents for it, and in this same way about 6~ cents 
'i.or a pound of potash. Now, when you buy these things mixed together you pay for 
this mixture what the variou~ ingredients cost separately,'and it is thi& that is printed as 
the commercial valuation. For example: A certain fertilizer has, say 5 % ammonia, 
10 % available phosphoric acid, and 3 % of potash; that means that in one ton, or 2,000 
lbs. of these articles, there are as follows: 100 pounds of ammonia, 200 lbs. of available 
phosphoric acid, and 60 pounds of potash; the rest being dirt, rock, lime, organic matter, 
.etc., necessary to hold this material. Now to make that fertilizer you would have to 
lluy-
100 pounds of ammonia, at 19 cents .................................................. $19 00 
200 pounds of phosphoric acid, at St cents.......... .............................. 17 00 
60 pounds potash, at 6~ cents......................................................... 3 90 
Total. ....... , ............................................................................ $29 90 
Or this fertilizer would cost $29.90 to make, if you purchased the ingredients at retail 
and mix6d them. In other words, the va)uations simply show that this fert1lizer is "full 
weight" and furnishes its ingredients at their fair market value, but do not show that 
the high-priced fertilizer is the one a particular farm demands. 
Hence, if a farmer pays the valuation for a fertilizer, he gets his monev's worth 
eomlqiRII'cia.lly. Whether he buys what he needs or not, depends upon whether he has se-
,.ected the kind of fertilizer his farm requires. 
LORD-VALUATIONS OF FERTILIZERS. 73 
Ammonia being the most expensive ingredient by far, that enters into fertilizers, 
brands high in that element always show the highest valuation, and hence this ingredi-
ent, if put where it is not needed, will mean the greatest waste of money, while the 
eheaper phosphates can give just as much value for the money as the high-priced ammo-
nia fertilizers. 
The careful consideration of these facts will show that the composition, as given in 
the tables, is a more important thing than the values; that these latter merely serve to 
show that the price of the article is fairly related to its c~st of production. 
The next number of the Bulletin of the Ohio Experiment 
Station will be published in April, and will be devoted to Ex-
PERIMENTS WITH CORN AND OATS. 
